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PREFACE 



This document describes the ASC System hardware as required by 
the system programming staff. It is also directed to all personnel 
associated with designing and configuring ASC Systems to be used 
as a primary reference source. 

Section A describes the Memory System of the ASC including the 
Memory Control Unit, the Memory Modules, and the expansion 
features being incorporated into the system. Section B describes the 
Central Processor including the Memory Buffer Unit, the Instruction 
Processing Unit, and the Arithmetic Unit, This section also provides 
the CP instruction set, the timing analysis, and examples of vector 
instruction applications. Section C describes the Peripheral Processor 
including the Peripheral Processing Unit, the communication registers, 
the timing analysis, and the PP instruction set. Section D describes 
the Data Channel Units. Section E describes the ASC System operating 
panels, and the associated procedures. Section F describes the periph- 
eral devices used with the system. Section G describes the maintenance 
provisions being designed into the system. 

This document is designed to allow each part to be used alone. The 
overall list of effective pages following the Preface provides the effec- 
tive date of the A page of each section. Changes, modifications, or 
additions will be issued as changed, or added pages with the date of the 
change in the upper right hand corner of the changed page. 
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GENERAL ORGANIZATION OF ASC 

The ASC is an advanced computer designed especially for high- 
volume processing of well-ordered data in a multiprogramming environment. 

To achieve its extremely high processing speed, the computer utilizes a pipe- 
line arithmetic section and a pipeline instruction section. 

Organization of the ASC is illustrated in Figure 1. A Peripheral 
Processor links input/output equipment to a Central Processor and a Central 
Memory. The input/output equipment available for the system includes CRT 
keyboard/display \mits, magnetic tapes, magnetic discs, card equipment, and 
line printers. 

The Peripheral Processor contains eight independent computers 
which control input/output devices and schedule work for the Central Processor. 

The Central Processor provides the major execution facility 
of the system. The interface between Central Processor (CP) and Peripheral 
Processor (PP) consists of control communication links whereby the CP sig- 
nals completion of jobs or its availability for other jobs and the PP initiates 
new jobs. All data and instruction for the CP are obtained through the Central 
Memory. 

The Central Memory consists of high-speed semiconductor 
memory modules which have full cycle times of 160 nsec for 256-bit words. 
Since the ASC corhputer is a 32-bit/word computer, each memory cycle has 
access to eight computer words. The Central Memory interfaces with the 
CP and the Peripheral Processor. 

One ASC configuration is shown in Figure 2. This diagram 
indicates four memory units, each containing 16K words of storage; thus, the 
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Figure 2. ASC System (Prototype) 
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basic memory size is 6BK words. These four modules are controlled by a 
memory control unit which multiplexes the memory imits to the Central Pro- 
cessor, Peripheral Processor, or dais channel unit which is a special high- 
speed device capable of sustaining the high data transfer rates required by 
the disc system. A significant feature of the ASC system is its utilization of 
a large disc file with word transfer rates of 10^/sec between it and the Central 
Memory. The disc file consists of four modules containing 25, 000, 000 "words 
each. 

USE OF PIPELINE CONCEPT 

The pipeline concept being exploited in the Central Processor 
is illustrated by the example in Figure 3^ This example shows a ”pipe^’ which 
performs an operation consisting of three separate and distinct steps. This 
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Figure 3. Pipeline Concept 
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operation can be performed on an operand by entering it in the pipe and col- 
lecting the result at the exit after transit time T has elapsed. Thus, the time 
required to perform an operation is the sum of the individual step times t^, 
t_, and t . If the steps are separate and distinct as stated, then the average 
operation time can be decreased by entering operands into the pipe so that 
different operands are at steps A, B, and C simultaneously. If a long series 

V 

of operands are routed through the pipe so that the *’fill-up” and empty” times 
are negligible, the average time required for an operation will be 






The ASC arithmetic unit is constructed from a number of 
” sections” (Figure 4), each of which can perform a separate arithmetic or 
logical operation in the same manner as the steps in the pipe of the previous 
example. These sections are connected in ”pipe” fashion to generate a pipe 
for performing each instruction in the CP. Each section can be connected to 
any of the other sections, as required, to construct a pipe for executing any 
particular instruction. Figure 4 shows sections 1, 2, and 8 connected in a 
pipe by the solid line which may be the configuration required to perform an 
instruction. The dotted line connecting sections 1, 4 , 6 , and 8 illustrates a 
configuration which may be required to execute another instruction. In this 
fashion, the sections of the arithmetic unit are configured as required to 
execute the ASC instructions. The proper configuration of the arithmetic \mit 
is established when the instruction and its operand are at the entry to the pipe- 
line. 

This pipeline concept is used in the design of the ASC because 
of its inherent ability to achieve high-speed operations on large volumes of 
well-ordered data. If the data are arranged so that a large ntxmber of iden- 
tical operations are required in sequence, the pipeline can be filled, achieving 
an average operation speed equal to the time required for only one section of 
the pipe. This well-ordered type of data is represented by vector or array 
processing. For example, consider the vectors 
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Figure 4. Sections of Arithmetic Unit Connected in "Pipe" Fashion 
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A vector addition of A + B would result in the vector C where 



Cl = aj + bj 



" 2 ' "2 " ‘>2 



c j + bj 



c . = a. 4- b. 

Ill 

The ASC instruction set contains vector and matrix instructions 
to perform such operations so that only one instruction is required to accomplish 
this operation on any length of vector. A conventional computer would require 
a series of instructions to achieve this same operation. This is illustrated in 
the following example: 

m Conditions 

array A is stored in consecutive locations beginning at a 

— array B is stored in consecutive locations beginning at (3 

— array C is to be stored in consecutive locations beginning at V 
each array consists of L elements 

m The subroutine required for a conventional machine is 
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Branch if I ^ L 

i 

Exit 

The time required to accomplish the function of each section 
in the ASC pipeline is 60 nsec; thus, for processing vector or array instruc- 
tions, the average time per element is only 60 nsec. The CP interface with 
the Central Memory is designed to sustain this rate of data processing so that 
the pipeline can be utilized to its fullest extent. 

The CP interface v/ith the Central Memory is shown schemat- 
ically in Figure 5. There is one 256-bit data transfer bus between the CP 
and CM, which is shared by four CP storage buffers. Instructions are buf- 
fered in two storage files (IB and I), each containing eight computer words. 
One operand vector is buffered in two storage files (XB and X), each con- 
taining eight computer words, and the other operand vector is buffered in 
another set of storage files (YB and B). The resultant vector from the arith- 
metic unit is buffered in storage files ZB and Z in the same manner. 

In addition to the pipeline construction of the arithmetic unit, 
the ASC employs a pipeline at the instruction processing level. Up to 12 
instructions are in this pipeline at any time, so streams of instructions ready 
for execution are supplied at the exit of the instruction processing pipe in 
somewhat the same manner as streams of vector elements enter and exit 
from the arithmetic -vinit pipe. 
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The Peripheral Processor provides communication with I/O 
devices, fxmctions as system monitor, and fulfills job requests which do not 
require high arithmetic capability. Elements of the PP, shown in Figure 6, 
include one arithmetic unit which is shared by eight virtual processors, one 
of which is designated as the system monitor. Functions of the system moni- 
tor include assignment of system-control parameters, assignment of programs 
to each of the seven slave virtual processors, assignment of CP programs, and 
monitoring of the progress of all programs including the CP program. 

The virtual processors communicate with I/O devices, Central 
Processor, data channel, and other system components via 64 Commxmication 
Registers (CR) which are 32 bits in length and can be set or read by the virtual 
processor or an external device. 

Associated with the virtual processor is a Read-Only Memory 
(ROM) containing fixed programs which are executed by the virtual processors. 
These programs are stored in the ROM because they are frequently used and 
require fast access. 

Each virtual processor has a single-word buffer which acts as 
memory address register and memory data register for that processor. Cen- 
tral Memory access requests from these single-word buffers are granted on a 
priority basis. 

The virtual processors are operative and share the arithmetic 
unit as programmed by the system monitor. This sharing is accomplished by 
dividing the time into 16 time slots represented by the segments shown on 
the wheel in Figure 7. Time slots are assigned to the virtual processors 
according to their needs. 

SYSTEM CONFIGURATION AND HARDWARE FEATURES 

The recommended physical configuration of the ASC requires 
Approximately 4000 sq. ft. Four airconditioning units, furnished as part of 
the ASC, supply cooling air to system components requiring special cooling* 



9 





Figure 5. Interfacing of Central Processor and Central Memory 
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Figure 6. ASC Peripheral Processor 
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Normal air conditioning is also required to maintain a comfortable working 
area. 

The extremely high speed of ASC operation is possible because 
of the advanced logic components which implement the system. These logic 
circuits are emitter -coupled integrated circuits having gate speeds of approx- 
imately 2 nsec. 

ASC hardware features: a high-speed semiconductor memory; a 
direct-access fixed-head disc auxiliary storage system; Peripheral Processor 
which provides system control and external-internal communications; a rapid 
Central Processor for data manipulation, with the feature of hardware logic 
for vector-matrix operations; automatic, rapid, context switching for efficient 
multiprogramming; high-speed peripheral input/output devices; and remote on- 
line graphic terminals. 
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INTRODUCTION 



The Central Memory (CM) of the ASC system is configured from three basic 
units: the Memory Control Unit (MCU), the memory port Expander/Mul tipi exer (EX) 

and the selected Memory Units. Figure 1 illustrates a typical CM configuration. 

THE MEMORY CONTROL UNIT 

The MCU is organized as a two-way 256-bit/channel parallel access traffic 
net between eight independent processor ports and nine memory buses, with each 
processor having full accessibility to all memories. 

The' nine memory buses are organized to provide eight-v/ay interleaving for 
the first eight buses with the ninth buses reserved for bulk storage. However, 
a patchboard is provided within the MCU to facilitate addressing patterns from 
no interleaving to eight-way interleaving. 

The MCU provides the facilities for controlling access from the eight 
processor ports to a CM having a 24-bit address space (16 million words). In 
addition, each port contains the necessary hardware for performing the MAP and 
PROTECT address processing functions (described subsequently). Conflicts at 
the memory buses are resolved on either a fixed priority bases (i.e., each 
processor port is assigned a relative priority) or a distributed priority basis 
(i.e., all processor ports are assigned equal priority). 

The unit' is asynchronously designed to operate independently of cable 
delays, processor clock rates, and memory unit access and cycle times; however, 
these times can affect the memory bandwidth. For comparative purposes, the total 
bandwidth of CM is computed as = No. of words/cycle X No. of Independent 
memories/Memory Cycle Time, and the bandwidth provided each processor port is 
BWp = No. of Words/Cycle /2 X Processor Clock Period. 
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The Memory MAP provides for dynamic address relocation of Central Memory of 
the block (i.e., page) level. Contiguous virtual page addresses from the processors 
are transformed into discontiguous actual page addresses for more efficient use 
of CM resources. The MAP is physically a set of up to 64 eight-bit (page address) 
registers accessed via the virtual page address of an individual request. The 
contents' of the register addressed replaces the most significant bits of the virtual 
address to form the actual page address. Figure 2 illustrates the Mapping pro- 
cedure. The size of each "page" is a function of the size of CM being mapped. 

The minimum page size is 4K words With the maximum being 256K for full 24 bit 
addressing. ' 

The PROTECT facilities consist of three 24-bit bounds register-pairs for 
defining the upper and lower bound of a protected CM segment. The MCU compares 
the address of each processor request to the contents of one of the bounds register- 
pairs selected via a two-bit code developed by the processor. For example, the 
three central processor categories are READ, WRITE, and EXECUTE. A request pointed 
toward a protected CM area is denied access to that location and the processor is 
notified of the attempted violation. 

The bounds register-pairs can be used to define a variety of CM protection 
functions . Figure 3 illustrates a typical CM arrangement for the central pro- 
cessor port. Note that segments as small as 16 word groups may be defined. 

The MAP provides an additional protection feature. If a processor utiliz- 
ing the MAP feature accesses a MAP register containing actual page CT, the re- 
quest is denied access to CM and the processor is notified. Thus, the "0" code 
signifies that the requested page is not resident in the physical central memory. 
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FIGURE 3: IMPLEMENTATION OF MEMORY PROTECTION 



The MAP and PROTECT infomiation for a particular processor is constructed 
in CM under control of the Operating System. The information is transferred to 
the MCU in response to a command from the PPU via the Common Command Register, 
or automatically via one of two "Context Switch" commands provided to the MCU 
from the automatic context switch logic in the central processor. 

Conmand Corrmand Register (CCR) operations cause the register addressed to 
be loaded with the contents of the location specified by the pointer in absolute 
CM location 38ig, v/hereas the Context Switch command causes a set of predefined 
MAP and PROTECt registers to be loaded from the location specified by the pointer 
at CM location 28, g. Figure 4 reflects the CM image of the MAP and PROTECT 
registers for use with the Context Switch command. A list of MCU CCR commands 
is presented in the maintenance section. CCR commands are also available to 
provide access to MCU control and address registers for maintenance and diagnos- 
tic purposes. 
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FIGURE 4: CM IMAGE OF "CONTEXT SWITCH" MAP AND PROTECT REGISTERS 
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THE EXPANDER/MULTIPLEXER (EX ) 



The EX adds the memory bus and the processor port expansion capabilities for 
configuring very large ASC Systems. The unit can be operated in any one of three 
distinct modes : 

1) Up to four "Processors" can be multiplexed onto one MCU processor port. 

In this sense, a "processor" can be a data channel or a processor bus. 

Of course, the basic bandwidth limitations must be observed. 

2) One MCU memory bus can be expanded to acconsmodate up to four Memory Units. 

3) A single processor's memory bus can be fanned out to allov^ the processor 
to access up to four different memory systems. 

The ex's can be interfaced with each other (i.e., by "treeing") to provide 
expansions to 16 or up to 64. 

Conflicts at the single port interface are also resolved on either a fixed or 
a distributed priority basis , in a similar manner to the MCU. These modes are 
selected by patch card wiring in the expander hardware. 

THE MEMORY UNITS 

The Memory Control Unit is designed to operate with Memory Units configured 
as eight-word (octet) storage devices . The TRANSLATOR PC board (patchboard) is 
• used to define the size of the unit on each memory port as well as the inter- 
leaving mode. 

For the most effective use of ASC -resources, the high speed storage devices 
should have access times in the range of 100-250 nanoseconds. However, the sys- 
tem will operate with s 1 ower memories and, due to the interleaving capability, 
the degradation df performance is not linear with respect to memory speed. Fig- 
ure 5 illustrates the pipeline nature of memory requests with an assumed module 
access and cycle time of 140 nanoseconds. 

The MCU also has the capability of reporting and testing the Parity logic 
normally provided with Memory Units. 

The active element fast memory modules which are the standard ASC memory 
units have raw access and cycle times of 140 and 160 nanoseconds. 
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GENERAL 



The Central Processor (CP) is comprised of the Instruction Processing Unit 
(IPU) to process the CP commands, the Memory Buffer Unit (MBU) to provide inter- 
facing with the CM, and the Arithmetic Unit (AU) to perform the specified arith- 
metic operations. The interaction of these units is shown below: 
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INSTRUCTION PROCESSING UNIT 



The primary function of the IPU is to supply a continuous stream of in- 
structions to the MBU. The IPUblock diagram is shown in Figure 1; it performs 
the following functions: 

1. Instruction fetch 

2. Instruction decode 

3. Register operand selection 

4. Effective address development through indexing and/or indirect addressing 

5. Immediate operand development 

6. Branch dddress development 
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Figure 1. CP Block Diagram 
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7. Detenmi nation of branch condition 

8. Storage of AU results into the register file 

9. Scalar hazard and register conflict resolution 

10. Generation of vector starting addresses 

11. Transmittal of vector parameters to the MBU during vector initialization 
MEMORY BUFFER UNIT 

The primary function of the MBU is to supply the AU with a continuous stream 
of operands for vector processing and provide for the storing of results of the 
vector operations. The MBU performs the following functions: 

1. Accept the initial vector starting addresses and parameter information 
from the IPU. 

2. Fetch the memory operands requested by scalar instructions. 

3. Retention of 16 words in temporary X and Y buffer registers for pos- 
sible "scratch pad". operations involving data contained in the two 
most recently referenced memory octets. This temporary storage ca- 
pability increases by a factor of 1 , 2 or 4 depending upon whether 

a times 1, times 2, or times 4 ASC configuration is installed. 

4. Storage of register operands into central memory as a result of scalar 
store instructions. 

5. Temporary retention of 8-words in the Z-buffer register for data des- 
tined for one central memory octet address. Data stored by this means 
is released to central memory when the octet address of write data 

at the Arithmetic Unit output is different than the octet address 
of the data contained in the Z-buffer registers. This temporary 
storage capability increases by a factor of 1 , 2 or 4 depending 
upon whether a times 1, times 2, or times 4 ASC configuration is 
installed. 

6. Update capability from the Z-buffer registers to the X or Y buffer 
registers for keeping the X and Y registers current when they are 
being used for "scratch pad" operations. 

ARITHMETIC UNIT 



The primary function of the Arithmetic Unit is to perform the arithmetic 
operations specified by the operation code of the instruction currently at the 
AU level. The Arithmetic Unit is basically a sixty-four bit parallel operating 
unit which is split into two halves of thirty- two bits each. Double length op- 
erations are carried out using both thirty- two bit halves in parallel. Single 
length operations use the left half AU, while half length 
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operations use only one half of the capability of the left half AU. The same AU 
is used for both fixed and floating point instructions. Fixed point numbers are 
represented as signed integers with negative numbers in 2's complement notation. 
Floating point numbers are in sign and magnitude with a base 16 exponent rep- 
resented by an excess 64 binary number. f 
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INSTRUCTION PROCESSING UNIT 



The Instruction. Processing Unit functional areas with four pipeline levels are 
shown in Figure 2. 

INSTRUCTION FETCH 



The instruction fetch function of the IPU is concerned with instruction look- 
ahead into the next octet and instruction look-ahead along the branch path when 
the loop look-ahead control is active. The principal registers involved in the 
process of instruction fetching are the present address register (PA), the look- 
ahead register (LA), and two eight-word instruction register files. The present 
address register contains the address of the instruction presently being selected 
from one of two eight-word instruction files. The look-ahead address register 
ordinarily contains the next instruction octet address ahead of the octet refer- 
enced by the present address register. Tv;o eight-word instruction files ordinarily 
hold the present instruction octet and the next instruction octet. 

An initial address is entered into the LA register for transmission to Central 
Memory via the address bus from the IPU. LA is then transferred to PA as the 
present address. When the address bus is released by CM, the look-ahead incre- 
menting hardv/are advances the LA register by eight, equivalent to one octet look- 
ahead. The LA register sends this second address to CM immediately after the 
instructions has returned fora CM. 

The first octet of instructions recieved from CM is synchronized with the Central 
Processor clock at KCM. The octet is then transferred to file KA on the next 
clock. The second request for the look-ahead octet is synchronized at KCM when 
it arrives form CM, and then it is transferred to KB on the following clock. 

One clock after the first octet is entered into file KA , the Instruction Register 
(IR) is loaded with the instruction word selected by the 3 least significant bits 
of PA. The PA register is incremented by one as each instruction is entered into 
the instruction register. When the 3 LSB's of PA are 111, the last word in file KA 
is entered into IR and the instruction look-ahead octet KB is selected. As this 
transfer occurs the contents of LA is transferred to PA and the LA register is 
advanced by eight to the address of the next look-ahead octet. This new look- 
ahead octet is requested from CM while instructions in the KB file are being 
executed. This process of overlapping instruction requests with instruction execu- 
tion continues until a branch without look-ahead or an out-of-line indirect address 
request occurs. 

In the case of a branch without look-ahead, the computed branch address replaces 
the contents of both the PA and LA registers. LA is requested from CM, then 
advanced by eight for the next look-ahead request and then the process described 
above is repeated. 
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Figure 2. Instruction Processing Unit 
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A branch vnth look-ahead is set up by placing the branch instruction at the 
target location of a Load Look-Ahead (LLA) instruction. Tfiis branch does not 
cause a delay in instruction fetching if both the branch instruction and LLA 
instruction are pv'operly located with respect to octet boundaries. The LLA 
should be at the top of an octet and the target branch instruction should be 
at the bottom of an octet for optimum timing. A penalty of one clock time 
is paid for execution of the LLA instruction for each pass through the program 
loop if the LLA is located in this manner. 

A Load Look-Ahead instruction enters a count into a look-ahead counter 
register ( LC) in the IPU and enters the program address value of the LLA 
instruction presently being executed into a branch address register (8A). 

The count from the N- field of the LLA instruction corresponds to the differ- 
ence of the instruction locations of the LLA and its target branch instruction. 
The counter is decremented for each instruction executed following the LLA. 

When the look-ahead counter is lowered to a value which v;ould indicate that 
the target branch instruction has been requested by the instruction look-ahead 
and the look-ahead is now ready to be incremented by eight to the octet beyond 
the instruction octet which contains the branch instruction, then the look-ahead 
control will override the normal next octet increment of eight and place the 
contents of the branch address register (BA) into the look-ahead address register 
(LA j. This causes fetching of the octet which contains the LLA instruction and 
the loop control is re- initialized when the LLA instruction is executed again 
after the branch instruction returns the program to the LLA instruction. Loop 
control by use of an LLA instruction only applies to singular instruction loops 
up to 256 instructions including the LLA and the BRANCH. 

A non-targeted branch instruction located between the LLA and the target 
branch instruction will inactivate the branch look-ahead control if the non- 
targeted branch instruction takes the branch path. If a non-targeted branch 
instruction does not branch, then an active branch look ahead remains active. 

INSTRUCTION DECODE 

Instruction decode in the IPU is, accomplished by the first of two Ready-only 
Memories (ROM). The. ROM size is 256 words by 32-bits.. The first ROM output 
is at level 2 of the„pipeline and is used for TPU__ control . The second ROM is 
also used for control but in addition generates a field for use in driving the 
address inputs to a third ROM contained in the MBU. The third ROM is used to 
control the Arithmetic Unit. Outputs from both IPU ROM's contain preliminary 
instruction decoding information needed for the IPU and MBU. Such things as 
operand v;ord size needed for register operand selection and effective address 
development are supplied by the ROM's. 

REGISTER OPERAND SELECTION 

The register operand selection takes place in level 3. Register addresses 
within a group of registers are specified by the R-field of the instruction 
word. Register groups are specified by the instruction type as determined by 
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the operation code. The operation code is used as an address for the first ROM 
v.’hich in turn supplies the two additional bits needed for register group selection. 
These tv/o bits augment the four R-field bits to form a six bit register address 
■^or single length instructions. This six bit register address is applied to 
the input of a register selection network which can select any one of 48 single 
word registers in the register file. 



The program addressable registers in the Central Processor make up the 
register file. Each register is 32-bits in length. All registers in the file 
can be -loaded or stored individually or in groups of eight registers at a time 
with a single instruction. There are six groups of eight registers: 



Register 

Locations 



Group 

Function 



Group 

Designated 



00-07 
08-0F 
10-17 
18-lF 
20-27 
28- 2 F 



Base address registers A 
Base address registers B 
General registers C 
General registers D 
Index registers I 
Vector parameter registers V 



If the instruction v/ord specifies a half length register operand, then the 
first ROM supplies an additional bit indicating which halfword is to be selected 
from the 6-bit singleleword address. If a doubleword register is specified, 
then one bit is dropped from the 6-bit register address and 64-bits are selected 
into the R0- register at level 4. Doubleword register operands are always 
selected from an even-odd singleword address pair. 

Occasionally the effective address (a) is in the range «_<2F and the M-field is 
equal to zero, in which case the a addressed operand is selected from the regis- 
ter file. Operands of this nature are selected by the IPU after the effective 
address is developed. The register is selected using the 7 least significant 
bits of the AR register. These 7-bits include 6-bits of singleword address 
information plus one-bit for halfword selection if specified by the instruction 
type. 

The output of the a selection network enters up to 64-bits of data into the 
A0 register, if doublewords are specified. A0 is transmitted directly to the 
MBU input register (IMM) for entry into the MBU output register (MCD ) and 
then to the Arithmetic Unit. The A0 register is at level 4 of the IPU. The 
register operand for each instruction is carried along and held in the R0 register 
in parallel with and, in the same time relationship as the operand in A0. 
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EFFECTIVE ADDRESS DEVELOPMENT 



Effective address development through indexing and/or indirect addressing 
incorporates a major portion of the hardware in the IPU. The T, M, and N-fields 
of the instruction format specify the ijT dex regis ter, base register, and address 
displacement, respectively. The MSB of the T~field is useTTo^specify i nSTrect 
a'ddressin^. An index register selected from an address by the 3 LSB's of the 
T-field is entered into the 25-bit XR register at level 2 in the IPU. 

A base register selected from an address given by the M-field is entered into 
the 24-bit BR register at the same. level. The N-field displacement is copied 
into the NR register. XR, BR, and NR form the three inputs to the index 
adder in level 3. 

The XR register is shifted one bit position to the right, left, or not at all 
depending upon whether halfword, doubleword, or singleword addressing, respectively, 
is specified by the instruction code. The shifting takes place prior to addition 
in level 3. 

The output of the index adder is entered into a 25-bit register, AR, which 
holds the effective address of the instruction presently at level 3. The LSB of AR 
is ^the halfword address selection bit. The LSB is .forced to zero for singleword 
addresses and the two LSB's are forced to zero for doubleword addresses. 

The 21 most significant bits of the 25-bit effective address register (AR) 
is sent to the Central Memory Address Requestor in the Memory Buffer Unit (MBU) 
if the addressed data is not presently residing in either the X or Y data reg- 
isters of the MBU. If the addressed data is present in the X or Y registers, 
then the 4 LSB's of AR are sent to the MBU to perform the selection of the 
appropriate doubleword, singleword, or halfv.'ord from X or Y using 2, 3, or 4 of 
the four bits, respectively. 

Indirect address requests cause transfer of the effective address register to 
the look-ahead address register (LA The indirect address is requested from 
central memory by LA . The octet containing the indirect address is read from 
memory and entered into instruction file KCM. The indirect address is selected 
from KCM by AR. At this point, the instruction register contains the indirect 
address which is interpreted according to-the indirect address format. 

Bit positions 5 through 7 of the indirect format specify the index register 
to be selected into, pre- index register, XR. Bit positions 8 through 31 of this 
format specify the indirect address, designated ADR. 
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The four most significant bits of the indirect address format (bit positions 
0 through 3) nrust be zero to indicate a "no-operation" for the Arithmetic Unit. 
The 24-bits of ADR and XR are added in the index addition section of the IPU. 

The result appears in register AR. 

If the indirect bit (bit position 4) of the indirect format is a one, then 
the contents of AR is a singleword centra! memory address which points to the 
next level of indirection. The next level indirect address is requested from 
central memory via the LA register path. The process described in the preced- 
ing paragraph is repeated for each level of indirect addressing. ^ 

If the indirect bit of the indirect format is zero, then the terminal indir- 
ect address has been reached and the index addition hardware of the IPU develops 
the address of the operand using displacement indexing according to the word 
size of the instruction being executed. The terminal indirect address is sent 
to the central memory address requestor in the MBU if the addressed data is not 
presently residing in either the X or Y data registers of the MBU. The 4 LSB's 
of the terminal indirect address are sent to the MBU word selection logic if 
the addressed data is present in either the X or Y data registers. 

Subsequent scalar instructions from one of the .instruction files’ follow the 
terminal indirect address into the IPU and normal instruction processing contin- 
ues until another indirect, execute, or branch instruction is detected. 

An exception to the above description on indirect addressing occurs for the 
case of a first level indirect address with a < 2F and an M - field of zero. 

The first level indirect address is the address of the instruction word (the 
word with four non-zero most significant op code bits and indirect bit equal to 
one) . 

In this case, the value of the next level indirect address is selected from 
the register file and placed in the instruction register. After this, all 
subsequent levels of indirection are through central memory. Indirect ref- 
erences through the register file can occur only once for a given instruction. 



IMMEDIATE OPERAND DEVELOPMENT 

Immediate operand instructions use the index adder for modifying immediate 
values. The M and N-fields of the instruction word combine to form a 16-bit 
value which is added to a nonshifted index register selected from the T-field. 
Sign extension into the left halfword occurs prior to addition using the MSB 
of the M register for singleword arithmetic immediate operand instructions. 
Zeros replace sign extension for singleword logical immediate operand instruc- 
tions. Halfword immediate instructions use only the right halfword of the 
result from the index adder. 
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BRANCH ADDRESS DEVELOPMENT 

Branch address development takes place in the index adder of level 3 using 
inputs from the index selection register, XR, and. base selection register, BR, 
of level 2. When the M-field of the branch intruction is zero, the program counter 
value replaces the base register value in BR. The .branch' address is taken rel- 
ative to the program counter plus index (if specified by T). 

Indirect branch addresses are developed similar to indirect operand^ 
addresses with the exception that indirect branch instructions with B < 2F and 
M = 0 reference central memory and not the register file. 

DETERMINATION OF BRANCH CONDITION 

Instructions of the type "Branch on Register Greater than" use a special 

adder unit in the IPU to determine the outcome of the branch test without 

haying to vwit for the Arithmetic Unit to perform the operation of adding to 

a register and testing the result with respect to the contents of another 

register. This special adder is incorporated in the IPU hardware and receives 
its inputs from the A0 and R0 registers at level 4. 

For the branch instruction under discussion, the operation involves taking 
the singleword contents of the arithmetic register specified by the R-field and 
adding to it the contents of the arithmetic register specified by T. The result 
Is compared with the contents of the arithmetic register specified by T plus one. 

In the IPU, this operation is accomplished in the branch test level by taking the 
register operand specified by R from the left half of 64-bit register R0. The 
left half of 64-bit register A0 supplies the register addressed 'by T. The 
right half of register A0 supplies the register addressed by T plus one. • 

These three singleword register values are added in the 3-input "branch test 
adder". The input from register T plus one is complemented (one's complement) 
before addition so that the addition v/hich takes place is the evaluation of 
(6)p + (G)j - (G)j ^1 using one's complement addition. The result of this addition 
will appear to be one less than the 2's complement addition of the same number. 

If one desires the sum to be greater than. zero in 2's complement addition, then 
the sum nust be greater than minus one in one's complement addition. Therefore, 
the outcome of the branch test for this instruction is true if the output of the 
one's complement addition is zero or positive. This can easily be determined 
from the sign position alone. 

Many other branch and test instructions fall into the class that can take 
advantage of the branch test level. More specifically, all of the increment or 
decrement test and branch instructions can use this means for determi fling the 
outcome of the branch test without waiting for the increment or decrement oper- 
ation to take place in the arithmetic unit. 
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Conditional Branch instructions v^hich compare the R- field value with the Con- 
dition Code or Result Code are of a different nature than the branch instructions 
just mentioned. The outcome of Conditional Branch instructions are known only 
if all previous instructions which set the Condition Code or Result Code have 
passed through the Arithmetic Unit. If the proper code has not been set, then 
the Branch on Comparison or Branch on Results instruction must wait in level 3 
of the IPU until the code has been set by the AU. The branch address is held 
In the AR register of the index adder until the branch decision is made. Then, 
if the branch is taken, the branch address is transferred to the PA and LA 
registers and then central memory instructions along the branch path are requested 

STORAGE OF AU RESULTS INTO THE REGISTER FILE 

The IPU has the function of retaining the destination register address of 
all scalar instructions (vector instructions cannot store into the register 
file). These register addresses are held in a chain of 7-bit registers. Seven 
bits address all 48 singleword registers down to the halfword level. The chain 
of register addresses is as long as there are sections to the Central Processor 
pipeline. Additional bits are carried along for control. 

Tfee IPU provides the proper alignment from the AU to the register file for 
single* half, and double length register operand results. It also performs 
the selection enabling to the gate inputs of the register file. 

SCALAR HAZARD AND REGISTER CONFLICT RESOLUTION 

Tiiese functions are described in Section B2. Scalar hazards occur when the 
effective operand address developed by an instruction is the same as the address 
of a store instructiofi which preceeds the read instruction and whidi has not yet 
passed completely through the Central P,rocessor pipeline structure. The iiazard 
condition will clear when the store instruction performs its write operation into 
central memory. 

Register Conflicts exist when an instruction requires a register operand 
which Is presently in the process of modification or is going to be modified by 
the Arithmetic Unit and which has not yet emerged from the AU output. The 
register conflict will resolve itself when the needed register is loaded with 
the result from the Arithmetic Unit and no other modification will occur to the 
contents of that register as a result of other instructions between the AU out- 
put and the instruction which requires that register. 

GENERATION OF VECTOR STARTING ADDRESSES 

The index and base selection level and the index addition level develop 
the effective starting addresses for vector instructions from the vector starting 
addresses plus index values as specified by the vector parameter file. The 
generation of continuous addresses for sustaining vector operations is carried on 
by the Memory Buffer Unit. Section B2 and B3, vector timing and the vector 
parameter file descriptions in the instructions describe the. operations to be 
perforaed for generating vector starting addresses. 
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TRANSMITTAL OF VECTOR PARAMETERS TO THE MBU DURING VECTOR INITIALIZATION 



The vector starting addresses contained in 29, 2A, & 2B and other vector 
parameters contained in register file addresses 28, 2C, 2D, 2E, 2F, and the 4 MSB' 
of 2A and 2B must be transmitted to the Memory Buffer Unit (MBU) prior to starting 
the first arguments of the vector operation through the Arithmetic Unit. Vector 
starting addresses are sent to central memory immediately after being received 
at the MBU and v/hile the remaining vector parameters are still being transmitted 
from the IPU. 

The parameters are selected via the A register operand selection network and 
gated into the A0 register of the IPU one v/ord at a time. The output of A0 
goes to the IMM register at tlie MBU input and from there the parameters are dis- 
tributed to the operational registers (working registers) of the MBU. These 
operational registers control the vector address generating hardv/are in the MBU 
which sustains the vector operation. 

When vector initialization is completed the IPU brings the next three scalar 
instructions, if such exist, down through levels 1, 2, and 3 of the IPU hardware. 
These instructions reside in the top of the IPU pipeline until the last element 
result of the vector operation has been sent to central memory. 

Some vectors, namely Vector Order, Dot Product, Search, Compare, and Peak 
Pick, require special consideration. These vectors must be restarted at their 
beginning addresses when reinstated following a context switch operation if 
the switching occurred during their vector processing interval. For these 
vectors the IPU retains the vector instruction in level 3 and reserves level 2 
for recomputing that vectors starting addresses. The following instruction 
after the vector resides in IPU level 1. 
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MEMORY BUFFER UNIT 



The memory buffer unit (M8U) provides an interface between central memory and 
the arithmetic unit (AU). The communication with central memory is via a private 
port of the memory control unit (MCU). During scalar operations, data specified 
by effective addresses developed in the instruction processing unit (IPU) are 
fetched or stored as required. For most vector operations, two operand data 
strings are fetched while a result data string is stored. Addresses for sustaining 
the vector operation are computed in the MBU using parameters initially specified 
by the vector parameter file in the IPU. ‘Details for the one times ASC are 

described below. An overall block diagram of the Central Processor is depicted in 
Figure 1 . 

DATA P ATHS IN MBU 



Octets from central memory are received and synchronized in the register 
designated SC. A direct path is provided for transfer to either the X or Y 
registers from SC. The XH and XY registers provide a second level of buffering so 
that vector processing can be sustained at a high rate with a minimum of memory 
limiting. The SC register is always transmitted to its destination on the next 
clock after it is received from CM. The XB and YB regi sters provide a thi rd level 
of buffering and are used to equalize the processing rate between the two operand 
paths. Both X and Y can also be stored in central memory for mai ntenance purposes . 

Results from the AU which are to be stored in central memory are aligned and 
placed in the Z register. The Z register can be transferred to either X or Y 
so that memory references are not necessary for scalar memory opeands which 
reside in Z. 

If the result of the output of the AU is in a different octet than the octet 
currently represented in Z, then Z must be transferred to the ZB register which 
in turn must be transferred to central memory. The transfer of Z to ZB must be 
held up until the previous write request no longer requires ZB. If ZB contains 
half words, it is possible to have incompletely specified single words. A path 
from SC to ZB is provided to permit half word fill-in from central memory. 

The register paiis designated MAB and MCD present two operands to the AU 
receiver registers. Each pair can contain half words, single words or doublewords. 
Their positioning is shown in Figure 3. 
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Figure 3. MBU Output Registers 

Selection networks are provided for both X and Y and are capable of selecting 
half words,' single v/ords, or double words. The outputs are therefore 64 bits wide. 
Single words are placed in the most significant bit positions. Half words are aligned 
and signs extended so that they appear as single words. The X register file selec- 
tion can be transferred to either MAB or ‘MOD. The transfer to MOD is for scalar 
requests of the X register file. The Y register file is transferred only to MCD. 

Register and immediate operands from the IPU are received in the REG and 
IMM registers respectively. They can then be transferred to the MAB and MCD 
registers as required. 

The MBU receives vector initialization data from the vector parameter file 
in the IPU via the IMM register. A path from IMM to MAB is required for vector 
t iiTBnediates. 

SCALAR OPERATION 



During scalar operation the MAB register presents the IPU's register data 
to the AU while the MCD register presents the "memory" data. The "memory" .’data 
can be selected either from X or from Y or can be an immediate operand from the 
IPU. 



The IPU sends two types of addresses, octet and element. The octet addresses 
are required when an octet is to be read or written and is not currently rep- 
resented in the MBU. The four bit element addresses specify which elements are 
to be read or written. Operand addresses are accompanied by destination (X or Y) 
tag. Both operand and result addresses are accompanied by word size information. 
Scalar operations utilize part of the structure .'equired for vector operations. 
Details, are discussed with vector operations. 
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VECTOR PROCESSING 



During vector operation, the X and Y registers present elements of vectors 
^ and t to the AD. The addresses for these operand data strings are computed in 
the t ADDRESS GENERATOR and the t ADDRESS GENERATOR. A detailed diagram is shown 
in Figure 4 for the t ADDRESS GENERATOR. 

Successive addresses are the outputs of a 25 bit adder with the format shown 
belo’w. This output is the sum of the last address and one of the increments cor- 
responding to the self, inner, or outer loops. The increments associated with 
a self loop are one element increments and will be ±1/2, +1 or ±2 depending on 
word size. The inner loop increment is designated DAI. The outer loop increment 
is designated DA0. Both DAI and DA0 are initially 16 bit signed 2's complement 
numbers in the vector parameter file. They are adjusted according to word size, 
sign extended, and then placed in 25 bit registers in the MBU. 
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Binary Point 

Address Format 

The initial address (lA) is transferred to the NAA register from the IMM 
register. The generation process Is capable of providing addresses for continuous 
processing of single word vector elements since a new address can be computed at 
the rate of one address per clock. 

In order to minimize and frequently eliminate memory delay, a "three level" 
look ahead scheme is provided. The octet address being processed references data 
which is to replace the contents of the XB register. The address of an element 
must in some cases be formed 16 clocks prior to its use in the selection network. 
The XBA register receives a 21 bit octet address while a bit is set which initiates 
a iiemo ry request when appropriate. Octet comparisons are made between NAA and XBA. 
Me»ry requests are made only when a new octet is required.. 

The four bit element selection is stored ^n a file designated the circular 
address file (CAF). Since an additional 15 elements could be generated during the 
interval between the generation and use of a particular address, the CAF has 
space for 16 four bit entries. An additional three bit "TAG" must be stored for 
each entry. The first of these three bits indicates the presence of an address. 

The second bit indicates the end of a self loop. The third bit indicates the first 
address of a new octet. 
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The operand address register XBA is also used for scalar operation. Appropriate 
portic«»6 of the 25 bit addresses from the AR register in the IPU are transferred to 
XBA register and the XA register. The IPU indicates v^fhether or not the octet 
currently in the X register. The XBA register is sent to the 0A register only 
if a new octet is required. The XA register is used to enable the X selection net- 
work. 



During vector operation, the Z register accepts elements of vector t from the 
AU. The addresses for the output data string are computed in a section designated the 
t ADDRESS GENERATOR. Addresses are generated one clock prior to their use (at the 
alignment network). Successive addresses are the outputs of a 25 bit adder in an 
arrangement similar to that for operand address generation. The initial (IC) is 
transferred to the NCA register where successive addresses are also placed. New 
octets are detected between NCA and ZA. If ZBA is available ZA can be transferred 
to ZBA and the write request can be processed. Sixteen bits are required to record 
modification (down to half words) for both Z and ZB. Half v/ord fill-in can then 
be accomplished when required. The ZB modification bits are combined in pairs to 
specify zone control bits for all ZB write operations. The ZA register is pre- 
sented to the IPU during vector operation so that hazards can be detected in the 
IPU. 

During scalar operation, addresses from ZP in the IPU are sent to ZA and 
ZEA. Since the IPU indicates octet -changes , the MBU continually transmits the 
availability status of ZBA for write operations. When ZBA is not "busy", ZA can 
be transferred to ZBA and the write operation processed. 

• Operation of the MBU is under control -of the section designated the SEQUENCE 
CONTROL. Inputs to this section are status of the memory requestor, status of each 
^ddress generator, and status of the loop counters. Three sets of loop counters 
are provided, two from operands and one for results. The inputs combined with the 
present state of the SEQUENCE CONTROL determine gate enables as v^ell as the next 
state. 



The AU control ROM is located in the MBU. Instruction codes are received 
from the IPU and used as addresses for the ROM v^hich generates an array of signals 
which control the AU. 

CENTRAL MEMORY REQUESTS 

All central memory requests are made through a controller designated the 
CENTRAL MEMORY REQUESTER. The CENTRAL MEMORY REQUESTER establishes priority.-, 
for the three address generators and makes the appropriate requests to the MCU. 

It also provides for the distribution of read data upon arrival in the MBU. A 
maximum of four requests may be in some state of development during vector op- 
eration. Requests can also be processed for the hard core controller during 
maintenance operations. 
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MEMORY BUFFER UNIT SUMMARY 



Effective addresses developed by the index unit in the IPU are routed to the 
memory buffer unit. For most scalar instructions the memory buffer unit obtains 
one operand from the central memory location specified by the effective address 
and one operand from a register as presented from register selection. The memory 
buffer presents these operands to the arithmetic unit for processing. The arith- 
metic unit results replaces the register operands to the register file of the IPU. 
When results are to be stored into central memory, the memory buffer unit receives 
the effective address into which the data is to be stored and after AU processing 
provides for the storing operation. 

For vector operations, the memory buffer unit supplies the consecutive op- 
erands to be processed and stores the results in central memory. 

The memory buffer unit is comprised of two triple buffered eight-word 
register groups for reading and one double buffered eight-word register group for 
writing in the one times ASC system. Triple buffering is provided so that vector 
processing can be sustained at a high rate with a minimum of memory limiting. 

For scalar operations, buffers X and Y are alternated for memory read 
operations. Buffer Z is used for memory write operations. In either case, the 
strategy is to invoke a memory cycle only when one is needed. For example, a 
read request for data within an octet currently residing in a buffer is terminated 
at the buffer. A write operation into a previously defined write octet is likewise 
terminated at the buffer. An actual read cycle occurs only v^hen the required data 
is not within a current octet. An actual v/rite operation occurs only when a new 
write octet is defined. 

For vector operations, buffers X and Y supply strings of numbers to be 
processed and buffer Z accepts the resultant string of numbers. 
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ARITHMETIC UNIT 



'E HERAL 

The ASC Arithmetic Unit is basically a sixty-four bit oriented unit. The 
unit is used for both fixed and floating point instructions. Floating point numbers 
are in sign and magnitude along with an exponent represented by an excess 64 number. 

k distinguishing feature of the ASC AU is the pipeline structure which allows 
efficient processing of vector instructions. There are seven exclusive partitions 
of pipeline involved, each of which is designed to provide an output every sixty 
nanosecG'nds. The seven sections are referred to as (1) Exponent Subtract, (z) Align, 
(3) Add, (4) Normalize, (5) Multiply, (6) Accumulate, and (7) Output. 

The first four sections mentioned above are the basic structure of a floating 
point add instruction. Each of the sections perform parts of other instructions; 
however, they are primarily partitioned in this way to increase the floating 
point add time. Each of these sections is capable of operating on double length 
operands so that vector double length instructions can proceed at the clock rate. 

The align section is used to perform right shifts in addition to the floating point 
alignmefst for add. The normalize section is used for all normalization requirements 
and will also perform left shifts for fixed point operands. The add section employs 
second level look-ahead techniques to perform both fixed and floating point additions 
This section is also used to add the pseudo sum and carry which is an output of the 
multiply section. 

The multiply unit is able to perform a 32 by 32 bit multiplication in one 
plock time. The multiplier is also the basic operator for the divide instruction 
and double lengtn operations for both of these instructions require several iterat- 
ions through the multiply unit to obtain the result. Fixed point multiplications 
and single length floating point multiplications are available after only one pass 
througli the multiplier, the output of the multiply unit is two words of 64 bits 
each, i .e. , the pseudo-sum and pseudo-carry which must be added to the add 
section to obtain the proper solution. A double length multiplication will be 
performed by pipelining the three following sections; multiply, add, and accumulate. 
The accumulate section is similar to the add unit and is used for special cases 
such as VDP or any instruction which needs to form a running total. Double length 
multiplication is such a case, as three separate 32 x 32 bit multiplications will 
be performed and then added together in the accumulator in the proper bit positions. 

A double length multiplication would therefore require six clock times to yield 
an output while single length would require only four. A double length multiplica- 
tion irjplies that two sixty-four bit floating point numbers (56 bits of fraction) 
are multiplied to yield a sixty-four bit result with the low order bits truncated 
after postnormalization. This multiplication ignores a possible round-off which 
is obtained by making a fourth pass with the two least significant halves of the 
operands. A fixed point multiplication will perform a 32 x 32 bit multiplication 
and yield a sixty- four bit result. 
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As would be expected, division is the most complex operation to be performed 
by the AU in the ASC. The method used takes advantage of the fast multiplication 
capabilities and employs an iteration technique which upon a specified number of 
multiplications will form the quotient to the desired accuracy. This method does 
not form a remainder. However , a remainder can be obtained under program control . 
Assuming X/Y = Q v/as the solution, the remainder can be formed by multiplying Y - Q 
and subracting from X; R = X - Y " Q. The remainder will be accuracte to as many 
bits as the dividend X. For floating point operations, each of the operands, along 
with the result, are equal in length. For fixed point single length division, 
the divisor and result are 32 bits while the dividend is 64 bits in length. 

The output section is used to gather outputs from all other seettons and als 
to do simple transfers , Booleans , etc. which will require only one clock time for 
execution in the AU. 

FLOATING POINT OPERANDS 



A guard digit consisiting of four least significant bits is provided to 
avoid loss of one hexadecimal digit of accuracy which would result from truncation 
pri or double length additional and subtraction. The addition of these bits is suf- 
ficient since the only times normalization will be required with a possibility 
of loss of accuracy, the normalization will require a shift of only one hexadecimal 
digit. Normalized operands are- required for the guard digit to be of maximum use. 
For example, in multiplication, given two operands which are normalized, the frac- 
tions will be 2-“* £ f<l . The result will be 2-® <_ f <1 . Thus, the result will al- 
ways require at the most one four-bit shift to normalize. The addition case is 
more involved but can be explained by discussing three possibilities. If the 
exponents are equal, no alignment is required therefore the guard digit is not 
necessary. If the exponents differ by one, the guard digit will retain significant 
information. Finally, if the exponents differ by more than one, it can be shown . 
that the result to be normalized will require at most a shift of one hexadecimal 
digit. Thus, the guard digit contains information that can be retrieved. 

The results of floating point operations treat overflow and underflow as 
suggested by the Share XXVII conference. Any overflow or underflow results in the 
correct mantissa and the exponent correct modulo 128. An output from the AU in- 
dicates overflow or underflow. The output can then be employed by taking proper 
action. 

STRUCTURE 



Exponent Subtract - The exponent subtract section is primarily responsible 
for determining the proper inputs to the add section for use in floating and, in- 
structions. It is used for both scalar and vector operations and is also re- 
sponsible for supplying proper input to the accumulator section for floating vector 
dot product instructions. 
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This section determines the difference in the exponents of floating point 
operands or in the case of equal exponents, v/hich mantissa is larger. Upon de- 
termining the larger number, the true or complement of the operands are gated 
into registers according to the operation to bo performed such as Add, Subtract, 
Add Magnitude, etc. Also, at this time a seven bit subtracter determines the 
exponent difference which is used in the align section to properly align the 
floating point operands. 

Since logic is required in this section to determine relative magnitudes of 
the mantissa, the test instructions for greater than, less than, or equal to are 
also performed in this section to avoid repetition of hardware. 

Align - The align section is in operation for all floating add instructions 
or for any right shift instruction. Floating point instructions are performed 
after one pass through the align section while fixed point shifts require two 
cycles. 



The shift logic has provisions to allow any shift length which is a multiple 
of four to be performed in one cycle. Since floating point numbers are rep- 
resented in hexadecimal digits, this will facilitate the very fast floating point 
additions. The length of right shift can be obtained from the instruction word 
for a shift instruction or from the exponent difference information as supplied 
by the exponent subtract section. 

Fixed point right shifts are performed by first shifting in one cycle the 
largest multiple of four-bits contained within the shift value. Then, the residue 
of 0, 1, 2, or 3 bits is shifted on the next cycle. This results in a minimum 
of shift paths into each latch since the four bit paths already exist. 

Add - The add section is shared for many instructions depending only upon 
v/hich paths are selected into the section. Floating add instructions are entered 
by way of the align section. Fixed point add operands enter the arithmetic unit 
at the add section. The adder is also used to add the pseudo sum and carry from 
the multiply section to obtain any multiplication result. 

The adder is 64 bits in length and contains second level look-ahead logic. 
The floating point numbers are in the proper format v^hen entering the add section, 
hov^ever, the fixed point operands are modified to reflect either add, subtract, 
or add magnitude type instructions. 

Normalize - The normalize section is employed for both floating add in- 
structions and fixed point left shift instructions. Divisors are routed through 
this section to guarantee bit normalized inputs for divide instructions. 
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This section closely resembles the align section in that floating point 
©derations require only one cycle while fixed point shifts require tv;o. The major 
difference in the two sections is that the align section is given the information 
concerning length of shift for hexadecimal'digiis in floating point. The normalize 
section has to compute the length of shift required to normalize a floating point 
Riumber by examining to determine which four bit group contains the most significant 
logical one. An adder is also required to update the exponent when a normalization 
takes place. 

Fixed point left shift instructions are supplied with the length of left 
shift from the instruction word. 

Multiply - The multiply section is required to operate on both floating and 
fixed point operands. The floating point numbers are represented in sign and mag- 
®itude where the fixed point numbers are in tv/o's complement from. The method of 
sulti plying is keyed to two's complement operands with the floating point mul- 
tiplication performed by arbitrarily assigning positive signs during the multi- 
plication and then applying the proper sign when multiplication is complete. 

The multiplier is capable of multiplying any two numbers up to 32 bits in 
length in only one pass through the multiply section. The result is in the form of 
a pseudo sum and carry which must be added together to obtain the result. The sum 
and carry are added together in the add section which has been discussed separately. 

The multiply section is also used to perform division by a sequence of multi- 
plication operations. 

Accumulator - The accumulator is a special purpose section v/hich is employed 
when an vector operation is being performed requiring an accumulated total. A prime 
example of this is the Vector-Dot-Product instruction. 

Like the add section which was previously described, the accumulator per- 
forms a second-level look-ahead to facilitate a fast addition. 

Output - All results to be sent to the CP must be gated through the output 
section. Information could have originated 1n any one of the other sections of the 
All with the exception of the multiply section. 

Simple instructions such as Booleahs, transfers, masks, etc. are performed 
In this section and gated out in one pass through the section. 
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SCALAR INSTRUCTION TIMING 



Scalar instruction processing time in the Central Processor (CP) can be 
predicted with a fair degree of accuracy by considering the following 
factors : 

1 . Arithmetic Unit clock time 

2. Operand fetching time 

3. Register conflict delay 

4. Multiple store instruction delay 

5. Read after write delay 

6. Indirect address generation time 

7. Execute instruction fetching time 

8. Instruction fetching time after a branch instruction without look 
ahead 

9. Instruction hazard refetch time 
ARITHMETIC UNIT CLOCK TIMES 

Arithmetic Unit clock times (Table 1) are defined as the number of 
clocks required to propagate input arguments through the AU, to the AU 
output registers. Certain instructions can be executed in sequence by 
the Arithmetic Unit without creating periods of inactivity or delays in 
pipeline flow. The instructions listed in Table 2 are divided into fourteen 
groups . Any single instruction in groups 2 through 1 1 may follow -any 
instruction in groups la and lb without creating a delay due to different AU types. 

OPERAND FETCHING TIME 

Operand fetching time refers to Central Memory access time for obtain- 
ing memory operands. This time is measured from the clock at which the 
effective address of the operand is at the address output register (A0) of the 
Instruction Processing Unit (IPU) to the clock at which the requested operand resides 
in the output- register o-^ the Memory Buffer Unit (MBU). This time is normally ten 
clocks" if there are no memory conflicts at the MCU or priority delays at the 
MBU memory controller as illustrated below: 
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Central Processor Clock Time 




TABLE I. ARITHMETIC UHIT TIME REQUIREMENTS 
FOR SCALAR INSTRUCTIONS 



STND 

STO 

STOH 

STF 

STFM 



Clock Times 

r 



ARITHMETIC 



LI 


1 




A1 




2 


LH 


1 




AH 




2 


LIH 


1 




AIH 




2 


LR 


1 




AF 




5 


LL 


1 




AFD 




5 


LD 


1 
















AM 




2 


LM 


2 




AMH 




2 


LMH 


2 




AMF 




5 


LMF 


1 




AMFD 




5 


LMD 


1 
















S 




2 


LN 


2 




SI 




2 


LNH 


2 




SH 




2 


LNF 


1 




SIH 




2 


LND 


T 

1 




SF 




5 








SFD 




5 


LNM 


2 










LNMH 


2 




SM 




2 


LNMF 


1 




SMH 




2 


LNMD 


1 




SMF 




5 


- 






SMFD 




5 


LF 


1 










LFM 


* 




M 




3 


XCH 


2 




MI 




3 








MH 




3 


LAM 


1 




MIH 




3 


LAE 


1 




MF 




4 


LLA 


1 




MFD 




6 


LO 


1 






R-even 


R-odd 








D 


29 


18 


ST 


1 




DI 


29 


18 


STH 


1 




DH 


.18 


18 


STR 


1 




DIH 


18 


18 


STL 


1 




DF 


15 


15 


STD 


1 




DFD 


25 


25 


SPS 


1 










STZ 


1 










STZH 


1 










STZD 


1 










STN 


2 










STNH 


2 










STNF 


1 











*Detenninecl by memory access time. An LF instruction requires six memory 
read cycles and an SF instruction requires six memory write cycles. 



2 




TABLE 1 (CONTINUED) 







Clock Times. 






Clock Times 


L0GICAL 


AND 


1 


TEST & 


BCC 


- 




ANDI 


1 


BRANCH 


BRC 


- 




OR 


1 




BEC 


- 




ORI 


1 




BAE 


- 




XOR 


1 


REG. MOD 


IBZ 


2 




XORI 


1 


A TESTING 


IBNZ 


2 




EQC 


1 




D8Z 


2 




EQCI 


1 




DBNZ 


2 




ANDD 


1 




ISE 


3 




ORD 


1 




ISNE 


3 




XORD 


1 




DSE 


3 




EQCD 


1 




DSNE 


3 


SHIFT 


SA ■ 


3 




BCLE 


2 




SAH 


3 




BCG 


2 




SAD 


3 














STACK 


PSH 


3* 




SL 


3 




PUL 


3* 




SLH 


3 




MOD 


3* 




SLD 


3 














SUB-ROUTINE 


BLB 


1 




SC 


. . 3 




BLX 


1 




SCH 


3 










SCD 


3 


ANALYZE 


LEA 


1 










I NT 


1 




RVS 


6 




XEC 


- 


ARITH. 


C 


2 


CONVERSION 


FLFX 


5 


COMPARE 


Cl 


2 




FLFH 


5 




CH 


2 


• 


FDFX 


5 




CIH 


2 
















FXFL 


4 




CF 


2 




FXFD 


4 




CFD 


2 




FHFL 


4 










FHFD 


4 


LOGICAL 


CAND 


1 








COMPARE 


CANDI 


1 


NORMALIZE 


NFX 


3 




COR 


1 




NFH 


3 




CORI 


1 














CALL 


MCP 


1 




CANDD 


1 




MCW 


1 




CORD 


1 














VECTOR 


VECT (See Vector Timin' 



Stack Instructions take multiple passes through CP pipeline. 
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Table 2. CP Instructions grouped according to those which may follow one 
another without delay in the Arithmetic Unit, 



GROUP 


la 




GROUP lb 


L. 


AND 


CAND 


ST 


LI 


ANDI 


CANDI 


STH 


LH 


OR 


COR 


STR 


LIH 


ORI 


CORI = 


STL 


LR 


XOR 




STD 


LL 


XORI 




STZ 


LD 


EQC 




STZH 


LMF 


EQCI 




STZD 


LMD 


ANDD 


CANDD 


STNF 


LNF 


ORD 


CORD 


STND 


LND 


XORD 




STO 


LNMF 


EQCD 




STOH 


LNMD 


BLB 




MCP 


LO 


BLX 




SPS 


LAM 


■ LEA 






LAC 


I NT 


• NOTE: 


Multiple store instruction delay occurs 



when sequential store instructions write 
. into different central memory octets for 
instructions in group lb. 



GROUP 2 



LM 


A 


S 


C 


IBZ 


LMH 


AI 


SI 


Cl 


IBNZ 


LN 


AH 


SH 


CH 


DBZ 


LNH 


AIH 


SIH 


CIH 


DBNZ 


LNM 


AM 


SM 


CF 


STN 


LNMH 


AMH 


SMH 


CD 


STNH 



GROUP 3 


GROUP 4 


GROUP 5 


GROUP 6 


M 


MH 


MF 


MFD 


MI 


MIH 







GROUP 


1 


GROUP 8 


GROUP 9 


GROUP 10 


GROUP 11 


AF 


SF 


D 


DH 


DF 


DFD 


AFD 


SFD 


DI 


DIH 






AMF 


SMF 










AMFD 


SMFD 
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Table 2 (Continued) 



Instruction which cannot follow one another immediately on tiie next clock 
in the AD pipeline are listed belov/ in groups 12 and 13. Instructions which 
do not use the Aritlunctlc Unit ar-:' li'^t'^d n^nijn ]&■, 

GROUP 1 2 



FXFL 


FLFX 


NFX 


SA 


SL 


SC 


RVS 


FXFD 


FLFH 


NFH 


SAH 


SLH 


SCH 


BCLE 


FHFL 


FDFX 












FHFD 






SAD 


SLD 


SCD 


BCG 



GROUP 1 3 

PSH XCH ISE 

PUL MCW ISNE 

MOD DSE 

DSNE 



GROUP 14 

LF STF ILA BCC 

LFM STFM XEC 

BEC 

NOTE: Instructions in groups 3 through 11 require long micro-op sequences in 

the Arithmetic Unit. The read-only-memory (ROM) in the Memory Buffer Unit 
generates these micro-sequences using a feedback arrangement from the ROM 
output register to the ROM address register. Due to the requirement of keeping 
the data and control of a given instruction in the same level of the CP pipe- 
line at the same time, it is necessary to hold the next instruction (the one 
following the one with a long micro-sequence) in the input level of the MBU 
while the first instruction completes its micro-sequence in the ROM. 

A s-ecnnd instruction's :ntr ' into the ArTtumitic unit uill follow a first ins 
tion into the AU on the clock in which the first instruction '^s result is placed 
in the AU output register. 
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The X and Y buffer registers, used for streaming vector operands into 
the Arithmetic Unit, can ba used during scalar operations to retain the most 
recently used operand octets from CM. If a request for a v/ord in CM is not 
contained in either the X or Y buffers, the octet of words containing the 

requested word replaces the contents of the X-buffer if Y was last used or 

replaces the contents of the Y-buffer if X was last used. An effective 
address request for a word in an octet which is presently contained in 
either the X or Y buffers is terminated at the buffer (the address is not 
sent to Central Memory) and the intended operand is read from the buffer 
in which -jt is resident. There is no pipe delay when the required operand 
is resident in either the X or Y buffer registers. 

The algorithm for operating the X and Y buffers during scalar instruc- 
tions is as follows: 

If a = X, then set LUF = 0 

If a = Y, then set LUF = 1 

If a ^ X and a ^ Y and LUF = 1, then load X with (a) and set LUF = 0 

If a X and a Y and LUF = 0, then load Y with (a) and set LUF = 1. 

Exampl e 

This example is for a series of instructions v/hich require operands 
from octets in the order a, a, b, b, a, b, c, d, b, d, d, c, d. (LUF)^ 

represents the state of the last used file indicator at time n and set 

(LUF)*^ ‘ represents the next setting for the last used file indicator 
at time n+1 . 
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If two successive instructions request CM operands from different 
octets and neither one is resident in the X or Y buffers, then it is 
possible for both requests to be issued to CM before the IPU needs to 
be stopped to wait for CM access. This provides overlap of CM requests, 
rather than having to wait the entire memory cycle time for each memory 
octet fetch. The second octet request can be placed on the CM address 
bus two clocks after the first octet request. The second octet data 
will be available in the second buffer two clocks after the first arrives 
providing that no memory conflicts occurred and that the second read was 
from an alternate memory module than the first. If the two read requests 
were to the same stack, then an additional two clocks will elapse before 
the second read data is available at the buffer register due to memory 
stack conflict. 

A third read request in a string of sequential instructions, for 
which the first two octet addresses were different, will be held in 
level 3 of the IPY while the second read instruction 
waits in level 4 for the data to return from the first instruction's 
read request. The first instruction was advanced to the MBU input level 
while the CM request was being processed. It cannot proceed past this 
level because the selection of the particular operand word from the X or 
Y buffer is accomplished at the MBU input level and the selection cannot 
be performed until the data is available. 

An instruction can proceed to. the AU without memory delay if the 
required operand is presently residing in ei ther the X or Y buffer 
registers. 

REGISTER CONFLICT DELAY 

A register conflict delay occurs whenever an instruction requires the 
contents of a register (base, index, general arithmetic, or vector para- 
meter) and that register is presently in the process of being modified by 
a previous instruction which has not yet passed through the AU output level . 
Register conflicts occur because of the pioeline nature of the Central 
Processor. A register conflict delay (RCD) can occur at any of the first 
three levels of the IPU; the Instruction Register (IR) level 1 , the Pre- 
index (XR) level 2, or the Index (AR) level 3. 

RCD at the Instruction Register level is created when an instruction 
attempts to select a base or index register to develop an effective address 
and finds that the base register specified by the M-field or the index 
register specified by the X-field is presently in the process of being 
modified by a previous instruction somewhere downstream in the CP pipe. 

The IR level confl i ct is relieved only after all instructions which specify 
either of these two registers as a target register address have entered 
their results into the register file. The time required to relieve this 
conflict depends upon a consideration of scalar timing factors 1, 2, 3, 4, 

5, and 9 for all instructions below and including the conflict register 
modifying instruction which exists downstream in the pipeline, if an analysis 
is to be made to determine the time required to relieve the register con- 
flicts. 
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An RCD at Index level 3 is created when an instruction specifies 
the use of a register operand v^hich is presently in the process of being 
modified by a previous instruction. Such a conflict is relieved when the 
instruction specifying the conflicting register, as a target register 
address , has entered its result into the register file. Scalar timing 
factors 1, 2, 3, 4, 5, and 9 must again be considered for all instructions 
below and including the conflict register modifying instruction if an analy- 
sis is to be made to determine the regi ster confl ict del ay . 

An RCD at the Index level 3 is also created when an instruction is 'encountered 
for which the effective address specifies a regi ster operand and another 
instruction downstream is in the process of modifying that register location. 

The effective address specifies a register operand whenever an instruction 
is encountered for which the M-field ecuals zero, the indirect bit equals 
zero, and the effective address a is less than or equal to 2F hex. The 
conflict is relieved when the instruction specifying the conflicting regis- 
ter, as a target register address , has entered its result into the register 
file. Scalar timing factors 1, 2, 4, 5, and 9 must be considered in order 
to make an analysis of the time required to relieve the register conflict. 

Example 

This is an example of an instruction which requires a general arithmetic 
register operand which is presently in the process of being modified by 
a floating point add instruction which is currently at the MBU output 
register level . There are no delays in the pipeline below the MBU output 
level which would cause the pipe to halt momentarily and no Operand Fetch- 
ing delay for the register modifying instruction since it has already 
fetched its operand from the X or Y buffer and has entered the operand into 
the MBU output register. 

For the timing analysis with all the other possible del ays assumed 
non-existent: Count the number of pipe sections from the register modi - 

tying instruction to the register file. The floating point add instruc- 
tion must pass through the following registers: 

1. AU Receiver 

2. Exponent Subtract section 

3. Align section 

4. Add section 

5. Normalize section 

6. AU output section 

On the seventh clock the conflicting general arithmetic register is loaded 
with the result of the floating point add instruction. Pipeline flow can 
now continue on the 8th clock when the required register operand is entered 
into the R0 register of level 4 of the IPu, If the 
conflict had not existed, then R0 would have been loaded on clock 1. 

Therefore, this register conflict delay caused a loss of seven clock times. 
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MULTIPLE STORE INSTRUCTION DEl.AY 



A multiple Store instruction delay is caused when two or more Store 
instructions, all with different octet addresses, occur consecutively or 
with only one instruction separation in an instruction stream. The MBU 
and AU pipe sections are provided with one address register to retain the 
octet address of one store instruction. A second store instruction occurring 
in a rapid sequence will be delayed at level 3 of the IPU until the first 
store instruction of the sequence has passed to the AU optput level. 

A delay due to Central Memory write conflicts may also occur /or any 
two or more Store Instructions which are too closely spaced, but that is 
a different type of delay than the Multiple store instruction delay being 
considered here. The multiple store delay has a tendency to ease the memory 
write conflict problem, since the pipeline operates at a reduced speed when 
the multiple stores are detected. 

There is no such multiple store delay for a series of tw'o or more 
consecutive store instructions which all address the same octet or which 
write consecutively into monotone increasing or decreasing address locations. 
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READ AFTER WRITE DELA Y (Sama Octet) 

This delay is caused by attempting to read from a Central Memory 
location while a previous wri te instruction is still "in the process" 
of writing into the same location or into the same memory octet. A 
write instruction is "in the process" of writing into memory if it is 
anywhere below the IPU, but not yet into central memory. 

It is possible to acquire a modified operand over the Z to X 
update path providing that there are no other stores into different 
merrory octets v^/hich exist beteeen the store instruction v^hose octet 
address agrees with the operand read octet address of the instruction 
presently at level 3 of the IPU. The update from Z to X occurs after 
all stores into the agreeing octet (which are in either the MBU or 
AU) have been entered into the Z-buffer. The update may occur simul- 
taneously with the arrival of the read data from CM. In which case, 
the read data must be merged with the update information from Z. 

A wait for CM writing occurs if tfiepe is agreement as above, but 
another store into a different octet exists between the agreeing store 
and the operand read instruction at AR of the IPU. A read from the 
octet address of AR is made even though the address in ZBA agrees 
with AR, since the write from ZBA will arrive in memory before the 
read request is received. 
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The memory timing for a write then read in the same memory module is 



Write 



■* Address bus 
' ^ ' ' Stack cycle time 

' ' Data bus active 



Ftead 



Address bus 



^ -4 ^ 

1 ., 1 - 

I 

I 

I I I 



Stack cycle 
Data bus 



i 



■sync 



r- 



X-buffer 



Clock times 01 23456789 10 11 



INDIRECT ADDRESS GENERATION TIHE 

Each level of indirect addressing requires 10 clock times assuming 
no memory conflicts. ' 



EXECUTE INSTRUCTOR FETCHING 



Each Execute instruction fetch requires 10 clock times assuming 
no memory conflicts. The only difference between Executes and indirects 
is that an Execute instruction is fetching an instruction to be executed 
whereas an indirect reference is fetching the address of an operand or 
the address of the address of an operand, etc. 
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IHSTRUCTION FETCHING AFTER BRANCHING 



A delay equivalent to that of indi rect or Execute occurs vvhen 
fetching instructions following a branch without look-ahead. 



INSTRUCTION HAZARD CONDITION 



An instruction hazard condition exists when a Store instruction 
is in the process of modifying a word in a central memory octet from 
which instructions previously read are currently residing in the 
Instruction Processing Unit (IPU). These instructions are then the 
"old" commands and hence the Central Processor must prevent their being 
executed. 

Prevention of execution is accomplished simply by cancelling the 
instructions above the point in the IPU where instruction addresses 
agree with store addresses. In order to restart the program, the CP 
roust wait until the culprit Store instruction has completed writi ng 
into CM, then the IPU must recall the instructions which were cancelled. 

Detection of an instruct! on, hazard condition is accomplished by 
comparing the three store address registers (ZP, ZA, and ZBA) with 
the program counter value at level 3 in the IPU and comparing the ZB 
address with the instruction look-ahead and present address registers. 
These five comparisons detect all instruction hazards. When an octet 
address agreement occurs in any of the five comparators , an instruction 
hazard condition exists . The comparisons are di agranmed below: 




Store 

Address 



Indirect address chains are sent through PCS for checking to be 
sure that no stores are presently writing into a location which is 
currently being used for indirect addressing. 
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An indirect addressing instruction must wait for an immediately 
preceding Vector operation to terminate before the indirect addressing 
operation can proceed. This prevents an indirect operation from taking 
an "old" indirect linkage when the preceding Vector operation is modi- 
fying the indirect address file in Central Memory. 

SHORT CIRCUIT PATH 



A short* path 

exists from the AU output register to the AU receiver register. This path is 
used whenever an instruction occurs in an instruction stream for which the 
immediately preceeding instruction has made reference to the same register of 
the CP register file. In this instance the preceeding instruction must be 
one which will store -into the same register that the succeeding instruction 
requires as its register operand. When this condition arises, the succeeding 
instruction will not wait for the normal register conflict delay, but instead 
will proceed down the Central Processor pipeline without its register operand 
and will acquire the operand via the AU short circuit path upon the succeeding 
instructions arrival at the Arithmetic Unit. 

Short circuit (SC) condititions can only occur for adjacent pairs of in- 
structions of the same word size (double with double, single with single, etc.) 

SC conditions can occur for an unlimited number of instructions in a chain as long 
they all use the same register and 'have the same word size. Any single in- 
struction which does not use the same register will break the chain. Also, 
two successive branch instructions wirich use the branch test level to deter- 
mine the outcome of the branch condition cannot use the SC path to achieve a • 
faster branch decision for the second of the two branches because the branch 
test level does not have a path equivalent to the AU short circuit path. The 
branch test level does not solve for the value of the argun^nt in an Incre- 
ment Test and Branch instruction, but rather determines only whether the 
branch test passes or fails. 

The timing for the SC path can be determined by following the first of 
the pair of instructions down the pipeline to the AU output level. The time 
at which the result of the first instruction arrives at the AU output can be de- 
termined. The second instruction will advance to the AU receiver level and 
wait there if it has arrived before the first instruction's result is uvai- 
lable from the AU output. One clock is used to route the AU result back to 
the AU receiver level. The second instruction advances through the All when 
all of its required arguments are supplied at the AU input. 
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VECTOR INSTRUCTION TIMING 



Vector priming is divided into four distinct processes, which are: 

1. Vector parameter file fetch 

2. MBU initialization 

3. Memory operand fetch 

4. AU fill 

When a vector instruction terminates, a process of AU erntying occurs. This 
process involves only the depletion of operand arguments from the Arithmetic 
Unit. 



VECTOR PAR/^METER FILE FETC H 

Vector parameter file fetching occurs as ,a result of specifying a 
vector instruction for which a new VPF is requested from central memory. 

The new VPF is requested when the effective address of the vector instruc- 
tion has been developed by the normal IPU indexing hardware. This hardware 
does the pre-indexing and index addition required for generating the effec- 
tive address. 

VPF fetching (1 ) begins after the vector instruction has reached the 
index addition level (level 3) and the VPF address has been developed. 

VPF fetching requires 8 clock periods . However, this CM request is over- 
lapped in time with the previous scalar instructions presently being pro- 
cessed downstream by the Arithmetic Unit. Loading of a new VPF appears 
no differend to the Instruction Processing Unit (IPU) than if the IPU had 
encountered a scalar Load Register File instruction (LF) . The fetching 
of data for these files is carried out entirely by the IPU and the MBU 
has not been involved up until now with the vector instruction. Also, 
the memory fetching time for the VPF will be seen to be less than the 
time required for memory operand fetching (2) because the register files 
have a simpler interface with memory than the interface which exists at 
the Memory Buffer Unit. 

Overlapping memory cycles between the IPU and MBU during VPF fetch will 
exist if the scalar instruction immediately prior to the vector instruction 
requests a central memory operand from a new octet and all previous scalar 
memory requests have been granted (data received from memory). For if this 
condition exists, the scalar instruction requesting the new octet is allowed 
to advance beyond level 3 (index addition level), providing that "path ahead" 
is clear, and level 3 is filled with the developed address for the VPR re- 
quest of the vector instruction. Thus, the time required to fetch the VPF 
is completely overlapped by the time required for fetching an operand of a 
prior scalar instruction. The VPF fetching is essentially free in this 
case. 



Vector Instruction Timing 15 
Section B2 




VPF FETCH liOT REQUESTED 

The vector instruction could be one which specifies the use of the 
vector parairteter data currently residing in the VPF registers. In this 
case, there is no vector parameter file fetch cycle required and the 
vector priming operation proceeds immediately to the MBU initialization 
prodess (2) . 

MBU initialization begins upon detection of a vector instruction at> level 
4 of the IPU. This MBU initialization is then overlapped with previous 
scalar instruction processing going on downstream in the Arithmetic Unit. 



M BU INITIALIZATION 

• Initialization of the t4emory Buffer Unit (MBU) involves the transferring 
of vector parameter data from the VPF registers in the IPU to the vector 
working regi sters of the MBU. This process begins immediately after new 
data has been entered into the VPF registers, if a VPF fetch is specified; 
or inmediately upon detection of a vector instruction in level 4 of the IPU 
if a request for the current VPF data is specified. 

MBU initialization requires. 10 clock periods. This time begins with 
the starting address developr?«nt in the IPU for vectors A, B, and C, (in 
that order). Development utilizes the pre-index and index addition levels 
(levels 2 and 3) of the IPU. Then the remaining five words of the vector 
parameter data is transmitted a singleword at a time to the MBU for distri- 
bution to its working registers that control the vector operation. 

There v^ould be no advantage gained by transmitting the remaining inner 
and outer loop increment information to the M8U at a faster rate, since the 
memory operand fetch operation (3) is overlapped with the transmission of 
the remaining data. The transmission of VPF data is completed seven clocks 
before the first operand arguments are available as inputs to the AU receiver 
register, even though the VPF data is sent only one word at a time. 



MEMORY OPERAND FETCH 

This cycle begins five clocks after MBU initialization began. It is 
considered to start at the time when the first address reaches the central 
memory address requestor in the MBU. Although by this time the A address 
generator has produced the first three element addresses of vector A. 

Memory operand fetching of the first octet of data for vector A and B 
is completed when the first two operand arguments are placed in the MBU 
output registers and are available as inputs to the Arithmetic Unit- The 
process of first operand octet fetch requires 12 clock periods. Subsequent 
octet fetches are requested at 8 clock intervals during the self loop and 
the pipeline flow of operands to the AU is maintained throughout the vector 
operation. The initial operand fetch is an overhead penalty which occurs 
only once during the vector priming procedure. 




AU FILL 



The Arithmetic Unit can proceed to fill its internal pipe sections as 
soon as the operand stream is presented to its input registers from the 
MBU. An AU receiver register accepts the operands from the MBU, which have 
been transmitted betv\feen physical cabinets containing the MBU and the AU. 
The receiver register therefore adds one clock time to the AU operation 
times given for scalar instructions in the timing section for scalars. 

This figure (scalar AU time plus one) gives the number of clock intervals 
before the first result appears at the Arithmetic Unit output. Scalar AU 
times vary from instruction to instruction, but once the AU has befen filled 
in a vector mode, AU results are produced at one clock intervals for most 
single length vector instructions. The exceptions to this rule appear in 
Table II which lists the vector flow rates for all vector instructions. 



AU EMPTY 



At the termination of a vector instruction the AU will exhaust the 
final results into the Z-buffer registers and a Z-write operation is forced 
to purge the output buffers of the vector results, so that scalar hazard 
detection can begin fresh: 

However, when a scalar instruction follows a vector, overlapping occurs 
again. Two general constraints need to be listed here, though: (a) If 

the subsequent scalar instruction uses indirect addressing, it will wait 
in level 1 until the vector operation is completely temiinated. This pre- 
vents an erroneous Indirect addressing linkage through an area of central 
memory which is being modified-^by a vector instruction, (b) If the vector ■ 
instruction is of the class req'uiring the storage of an item count at the 
completion of each self loop, then a subsequent scalar instruction must 
wait at level 1. Vectors which store item counts use the 2nd and 3rd levels 
of the tPU to restart the vector in case a context switch operation 
prematurely terminated the vector. 

Overlapping of the subsequent scalar begins after the MBU has deter-^ 
mined that all self, inner, and outer loops are completed and that the ZB 
register has initiated its last write cycle for the vector instruction. 

At this time the subsequent scalar may use the facilities of the MBU to 
request a memory operand required for scalar instruction execution. Thus, 
the requesting of a next scalar octet is overlapped with the termination 
(AU empty) of the present vector instruction in the AU. 
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In conclusion, vector timing can be computed approximately from the 
formula T P + R * L • NI • N0. If either NI or N0 equal zero, replace 
appropriate term with value 1. 

where P = Vector prime 

R = Vector Rate (clocks/element) from Table 3 
L = Vector dimension 
NI = Inner loop count 
N0 = Outer loop count 
T = Time in clock periods 

P is broken up into the following approximate times (in clocks): 

VPF fetch = 8 

MBU Initialization = 5 (overlap adjusted) 

Operana fetch = 12 

AU fill = 1 + Scalar AU time 

If the vector instruction uses the current vector parameter file, then do 
not add in the time for the VPF fetch. 



18 




TABLE 3. VECTOR INSTRUCTION TIMING 



Rate is defined as the number of clock times required to obtain each 
element of the result, if a vector result exists. For scalar results, the 
rate is defined as the average number of clock times required to perform 
each instruction. 



Timing for some of the vector instructions is based on input rate 
rather than output rate from AU. These vector instructions are the ones 
which produce infrequent results at the AU output. They include; 

Vector Dot Products 
Vector Peak Picking 
Vector Searches 
Vector Comparisons 

The rates given in the table for these instructions correspond to the rate 
at which the inputs change. 



Vector Instruction . Rate 



ADD 


VA 


1 




VAH 


1 . 




VAF 


1 




VAFD 


1.75* 



ADD 

MAGNITUDE 


VAM 


1 




VAMH 


1 




VAMF 


1 




VAMFD 


1,75* 



SUBTRACT 


VS 


1 




VSH 


1 




VSF 


1 




VSFD 


1.75* 



SUBTRACT 

MAGNITUDE 


VSM 


1 




VSMH 


1 




VSMF 


1 




VSMFD 


1.75* 



MULTIPLY 


VM 


1 




VMH 


1 




VMF 


1 




VMFD 


3 



See doubleword timing in Table 4. 



Vector Instruction Rate 

DOT 



PRODUCT 


VDP 


1 


(Input Rate) 


VDPH 

VDPF 


1 

1 




VDPD 


4 




sv=o 


sv= 


DIVIDE 


VD 18 


8' 




VDH 9 


9 




VDF 8 


8 




VDFD 18 


18 


LOGICAL 


VAND 


1 




VOR 


1 




VXOR 


1 




VEQC 


1 




VANDD 


1.75* 




VORD 


1.75* 




VSORD 


1.75* 




VEQCD 


1.75* 


SHIFT 


VSA 


2 




VSAH 


2 




VSAD 


2 
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Vector Instruction 


Rate 


Vector Instruction 


Rate 


SHIFT 






SEARCH 






CON'D 


VSL 


2 


CON’D 


VLM 


1 




VSLH 


2 




VLMH 


1 




VSLD 


2 




VLMF 


1 










VLMFD 


1 .75* 




VSC 


2 










VSCH 


2 




VS 


1 




VSCD 


2 




VSH 


1 










VSF 


1 










VSFD 


1.75* 


MERGE 


VMGH 


2 








XTnput rate) 


VMG 


2 




VSM 


1 




VMGD 


2 




VSMH 


1 










VSMF 


1 










VSMFD 


1.75* 


ORDER f 


VO 


2 








TOUTPUT ) 


VOD 


2 








RATE) j 


VOF 


2 


PEAK 








. VOFD 


2 


PICKING 


VPP 


1 








(Input Rate) 


VPPH 

VPPF 


1 

1 


ARITHMETIC 

COMPARISON 


VC 


1 




VPPFO 


1.75* 


(Input Rate) 


VCH 

VCF 


1 

1 


CONVERSION 


VFLFX 


2 




VCFD 


1.75* 




VFLFH 


2 










VFDFX 


2 


LOGICAL 

COMPARISON 


VCAND 


1 




VFXFL 


2 


(Input Rate) 


VCANDD 
VC OR 


1.75* 

1 




VFXFD 

VFHFL 


2 

2 




VCORD 


1,75* 




VFHFD 


2 


SEARCH 


VL 


1 


NORMALIZE 


VNFX 


2 


(Input Rate) 


VLH 

VLF 


1 

1 




VNFH 


2 




VLFD 


1.75* 









* 



See doubleword timing in Table 4. 




ASC VECTOR TIMING FOR SINGLE-VALUED VECTORS 

This table shov/s memory limitations for the different cases using singl 
valued vectors. The vector instructions that refer to this table are 
the ones which would require only one AU clock per element if they 
were not restricted by memory speed. 



TIME IN CLOCKS PER ELEMENT 

ABC HALF-WORD OR SINGLE-WORD DOUBLEWORD 



vvv 


1 


1.75 


VSV| 


1 


1.25 


SVV f 






VVS 


1 


1 


VSS \ 


1 


1 


SVS > 







Note: V represents directly addressed vectors. 

S represents directly addressed single-valued vectors or immediate 
single-valued vectors. 



TABLE 4. 
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SCALAR INSTRUCTIONS 



INSTRUCTION FORMAT 



The instruction v/ord of the Central Processor contains 32 bits and 
is divided into five fields: 



Field Name 


Bit 

Positions 


Field 

Size 


Functi on 


OP 


0-7 


8 


Operation Code 


R 


8-11 


4 


Register address 


T 


12-15 


4 


Address modifier tag 


M 


16-19 


4 


Base address designal 


N 


■ 20-31 


12 


Displacement address 


ooj 

o 


JL 


16 20 


24 28 31 



OP 



i._ 



H 



1 






H. 












H- 



hexadecimal characte' 

^ OP-Field 

The OP-Field specifies the machine instruction to be executed. 

• R-Field 



The R-field addresses one of 16 registers from the arithmetic, 
base, or index register group. 



• T-Field 

The T-Field is an address modifier tag that has the following 
interpretation: 



Virtual Address, a, 

T Addressing Type of Memory Operand 



0 

1 

1-7 . > 
8 : 

9-F : 



Direct address 
Indexed address 
Indi rect 

Indexed indirect 
address 



N +(M) 

N + (M) + (T) 

(N + (M)) 

(N + (M) +(T-8)) 



A symbol or expression enclosed by parentheses () represents 
"the contents of". 
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The T-field may be decomposed into an I- bit and an X- 
field, where the most significant I-bit designates indirect 
addressing and the 3-bit X-fieid specifies one of seven 
index registers used in the indexing operation. The index 
registers are physically assigned to register file address 
locations 21 through 27 (hexadecimal). A special set of 
index instructions is used to load, store, modify, and test 
the index registers. 

H3 



I X 

Bit Field 

Displacement indexing is provided such that the indexing 
operation is compatible with word size; i.e., the index regis- 
ters are automatically aligned according to word size. If an 
index register contains the value K, the element of an 
array is accessed, whether it is a halfword, word, or double- 
word. 

® M-Field 

The M-field is a base register designator. It is used to 
extend the addressing range capability of the ASC to a 
potential 16.7 million words. The M-field selects one of 
fifteen 24-bit base registers to be added to the N-field 
displacement before indexing or indirect addressing. No 
base addressing is used when M equals 0. 

«• N-Field 

The N-field is the address displacement relative to the base 
address contained in M. ' 

The M- and N-fields also may be interpreted as immediate operands 
when immediate instructions are specified by the operation code. 

ALPHA ADDRESS DEVELOPMENT 

There are two basic methods of developing an address in the Central Processor. 
The two methods are referred to as a addressing and 3 addressing. Central Memory 
operand requests use address development. Instruction branching uses 3 address 
development. Both of these methods may use base and index modification. The 
table of addressing types on page 1 has reference to addressing and represnets 
the addition of base and index registers for singleword addressing as follows: 
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« No base addressing 
No indexing 
0 0 0 Hf. H. 

5 6 7 

h h \ h \ h 



* No base addressing 
Indexing 



0 


0 


0 


»5 




"7 


+I 2 


b 


■4 


*5 


>6 


'7 


^2 


''3 


''4 


''5 




''7 


e Base addressing 






No indexing 








.. 0 


0 


0 




^6 


"7 


+B 2 


^3 




^5 


^6 


67 


''2 


''3 




h 


^6 


''7 


» Base i 


addressing 


1 • 






Indexing 










0 


0 


0 


«6 




«7 


+B 2 


^3 


^4 


65 


^6 


“7 


«2 


^3 


^4 


■5 


^6 


>7 


''2 


''3 




''5 


^6 


''7 



M = 0 
X = 0 

N-field (12 bits) 
virtual address (24 bits) 

M = 0 

X = k for k = 1l,2,3,...7) 
N-field (12-bits) 

index register k (24-bits) 

virtual address (24-bits) 

M = b -Ter b = (1,2 3 ...., 15 

X = 0 

N-field (12-bits) 

base register b (24-bits) 

virtual address (24-bits) 

M = b for b = (1 ,2,3,. . . ,15) 

X = k for k = (1,2, 3,. ..,7) 

N-field (12-bits) 

base register b (24-bits) 

index register k (24-bits) 

virtual address (24-bits) 



For the cases when M = 0, a virtual address in the range 00 through 
2F(hex) is interpreted as an absolute register address. If M = b, - 
where (b) = 0, the corresponding virtual address range refers to 
Central Memory locations 0 through 2F. 
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When the Indirect bit (I-bit of hex. character H3) of an Instruction (not an 
immediate instruction) is a "one", then the address developed by the in- 
struction references a location either in central memory or in the register 
file depending on the M-field and the range of A register from the re- 
gister file is referenced if 2F and M = 0. 



The location addressed by an instruction using indirect addressing is interpreted 
according to the format: 



Indirectly 

Addressed 

Location 



Zero 


I 


X 


i — 1 r ‘1 t 

ADR 

1 1 L___J ! 


«0 


VnjsSSSm, 

H- 

i 


1 


«3 ^4 ^5 ^7 



Indirect 

Address 

Format 



ZERO is the no-op code (4-bits) 

I is the indirect flag (1-bit) 
X is the index tag (3-bits) 
ADR is a full 24-bit address 



The base registers are not used after the original indirectly addressed instruc- 
tion is interpreted. Multilevel indirect addressing is provided with independent in- 
dexed and/or indirect addressing at each level. 

Indirect addresses, using the above format, alvays reference Central Memory single 
wOrds. The terminal indirect address (1=0) is indexed by displacement indexing accord- 
ing to instruction word size wnen X / 0, but the operand acquired is always from Central 
Memory. 

An indirect address memory request is tagged as an execute request when transmitted 
to central memory. 

An illegal operation code program interruption occurs if the 4 most significant 
bits are not all zeros at the location specified by an instruction with an indirect 
flag equal to one or at the location specified by a multilevel indirect addressing 
chain where the address is specified to be another indirect address. 
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DISPLACEMENT INDEXING OF ALPHA ADDRESSES 



SINGLEWORD ADDRESSING, a 

For singleV‘/ord addressing, the index value is a signed two's comple- 
ment number where the sign is in bit position 8 of the index register. The 
fraction is in the remaining 23 least significant bits of the index register 
(bit positions 9 through 31). The N-field and base registers are interpreted 
as positive 12- and 24- bit numbers, respectively. 



\< ^12 Bits — 



N 



u - - 


20 

^ j Pl *1 


31 

'll 








7777777777T 


(Ml 


I 


0 7 8 




31 




0/1 04 4 - 1 - 




n 


uh-~D 1 to 


>1 


////////// *1 


(X) 


1 


0 7 8 9 




31 


• 


^24 -Bits 


u 



31 



Displacement 
Address , N-field 
(Positive) 



Base 24-bit 
Positive Number 



Index (Signed) 
2's Complement 



Virtual Address 
for Singleword 
Addressing, as 



The addition of a positive index to a large base may result in "wrap 
around" to a low virtual address. Also, addition of a negative index to a 
small base plus displacement may result in a "negative wrap around" to a high 
virtual address 

Wrap around as just described will occur only If the maximum size memory 
to contain the full 24-bit address range is connected to the' system. Any 
central memory address outside the address limit of the physical memory will 
result in a memory protection violation. The wrap around and address limit 
are normally thought of in terms of sipgleword addresses, but apply equally 
well to halfword. af'd doubleword addressing. 

HALFWORD ADDRESSING, 



Displacement indexing is used for halfword addressing. When a halfword 
address is not indexed, the left halfword of a Central Memory singleword is 
selected. An odd index value addresses halfwords in the least significant 
half (right half) of a Central Memory word. An even index value addresses 
the left halfword of a Central Memory singleword. This is true for all 
hulfvy'ord instructions, except for four special halfword load and store 
instructions (LR, LL, STR, and STL). 



The LR, LL, STR, and STL instructions address the right half of a 
Central Memory singleword when not indexed. If indexed, an even index value 
selects words from the right half of a Central Memory singleword. An odd 
index value addresses the left halfword. When an array is addressed conse- 
cutively by indexing with one of the four special halfword load/store 
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instructions, an even index value addresses the right half of a Central 
Memory singleword, as just mentioned; but it should be noted that when this 
even index value is incremented by one (forming an odd index value), the 
memory operand acquired by this instruction is from the left half of the 
next consecutive Central Memory singlev/ord. 

The index unit in the CP hardware accomplishes displacement indexing 
of halfwords by shifting the index register one bit position to the right 
before the base (M) and displacement N~field are added. The least significant 
bit of the index value effectively determines v/hether the left or right half 
word of a Central Memory singleword is addressed. A 25-bit virtual address 
is generated for halfword instructions. The index value is interpreted as 
a signed tv/o's complement number. For halfword addressing, the sign of the 
index value is in bit position 7, and the fraction is in the remaining 24 
least significant bits of the index register (bit positions 8 through 31). 

The N-field is interpreted as a positive 12-bit number. The base (M) is 
interpreted as a positive 24-bit number. 

The addition of a positive index to a large base may result in "wrap 
around" to a low virtual address. Also, addition of a negative index to a 
small base plus displacement may result in a "negative wrap around" to a high 
virtual address. 



12 Bits ^ 



N • 



20 



31 




Displacement 
Address, N-Field 
(Positive) 



Base 24-bit Posi- 
tive Number 



K- 



25 Bits 









IX). 



6 7 8 



30 31 



Index (Signed) 
2's Complement 




25 Bits 






/ 



V 



I 

t 



8 



31 .32 



Virtual Address 

Halfword 

Addressing, 
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DOUBLEWORD ADDRESSING . a . 

d 

The index register is displaced one bit position to the left relative 
to the base (M) and displacement address N before being added in the index^ 
unit. The least significant bit of the sum is forced to 0, and the remaining 
23 bits of the sum address a doubleword in Central Memory. If both the 
base and displacement address are odd, a carry will be generated in the 
least significant bit position of the sum and will produce a doubleword 
address one greater than the address obtained when either the base or dis- 
placement address (or both) has a value diminished by 1. 




Di spl acement 
Address, N-Field 
(Posi ti ve) 



Base 24-bit Positive 
Number 



Index (Signed) 
2's Complement 




Virtual Address 
for Doubleword 
addressing, ad 



The index value is interpreted as a single two^s com-lement number. 

For doubleword addressing, tne sign bit is in bit position 9,->and the 
fraction is in the remaining 22 least significant bits of the index register 
(bit positions 10 tnrough 31). The N-field is interpreted as a positive 
12-bit number. The base (M) is interpreted as a positive 24-bit number. 
Displacement indexing allows one to address the Kth doublev/ord in a data 
array by an index value equal to K. 

Doublev/ords are always selected from and stored into even-odd singleword 
memory address pairs and registers address pairs. 
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BRAtiCH ADDRESSING 



^!e branch address, B, for Branch instructions are a 

‘:;nction of the T, M, and N-fields of the instruction v\'ord as follov/s: 



T 


M 


Branch Address, B (Singlev/ord Addressing) 


0 


1 

0 


N*+(PC) 


Relative to program counter 


1-7 


0 


N*+(PC)+(T) 


Relative to program counter plus index 


0 


1-F 


N-f(M) 


Base plus displacement 


1-7 


1-F 


N+(M)+(T) 


Base plus displacement plus index 


8 


0 


(N*+(PC)) 


Indirect relative to program counter 


9-F 


0 


(N*+(PC)+(T-8)) 


Indirect relative to program counter plus ii 

< 


8 


' 1-F 


1 (N+(M)) 


Indirect relative to base plus displacement 


9-F 


1-F 


(N+(M)+(T-8)) 


Indirect relative to base plus displacement 
plus index 



where N + (M) is Base address plus displacement (N is. positive, 12-bit 

number) and N* h Signed N-fi.eld, 11-bits plus sign bit, 2's complement. 

this branch address definition is used for all test and branch instructions. 

These include: 

BE, BG, BGE, BL, BLE, BNE, B 

BCZ, BCD, BCNM, BCM, BCNO, BCNZ 

BZ, BPL, BZP, BMI, BZM, BNZ 

BRZ, BRO, BRNM, BRM, BRNO, BRNZ 

BtJ, BO, BUO, BX, BXU, BXO, BXUO, BD 

BDU, BDO, BDUO, BDX, BDXU, BDXO, BDXUO 

BXEC, BLB, BLX 

IBZ, IBNZ, DBZ, DBNZ 

When an indirect branch address is S“ecified (T ^ 8), the indirect address 
forrat is the same as that used by indirect a addressing, except that addresses less 
..than 2F reference central memory regardless of M. 

If a branch address is less than or equal to 2F {& s 2F), then the program branches 
to central nffimory location B regardless of the M and T-field specifications. Branches 
cannot reference the register file. 

. IMMEDIATE OPERANDS 

Imnediate operands have the following characteristics: 
a) Halfword Immediate Operand Instructions 

f 

The combined M and N-fields form the immediate operand for halfword 
instructions. The MSB of the right half of the instruction word is the sign bit. 
Negative numbers are represented in two's complement form. 



8 




This immediate operand can be modified by tlie right half of index register X. 

If X 7 ? 0, the index register soecified by X is added to the m and N, fields 
For this case, the 16tn bit position, of index register X is a sign bit. 

If X = n, no modification occurs. 



+ 




IMMED 








(X) 





n = IMMED + (X) 



b) Singleword Arithmetic Immediate Operands 

Single word length immediate operands for arithmetic instructions 
are formed from the combined M and N-fields of the instruction word with 
extended sign (two's complement representation for negative numbers). The 
left half of IMMED consists of the extended sign of the most significant 
bit of the right half of IMMED. This immediate operand can be modified by 
an index register when X 0. For this case, the contents of index register X 
are interpreted as a signed number (two's complement representation for negative 
numbers) within the range -223 _< (X) <, 223 _ ^ If X = 0, no modification occurs. 



0 16- 20 31 

' Extended Sign i M j N IMMED 

I . P — I i . i - 




7. 8 9 

Extended | S I 
Si'sn [ 1. 



23 Bits 



31 



(X) 



0 . ,7,8 9 .. ^31 

^Sign*^^^ pi 1 ^ 



In effect, the sign bit in the 8th bit position of the contents 
of index register X is extended into the most significant eight bits (bit 
positions 0 through 7) before being added to IMMED. The true 32-bit value 
contained in index register X remains unchanged; the sign extension occurs 
in the index unit hardware and not in the register file. The modified 
immediate operand n is restricted to the range -223 £ 223 _ ] ^ since the 
parallel adder in the index unit is only 24 bits wide. The sign bit in the 
8th bit position of n is extended into the most significant eight bits of n 
before being used as a modified immediate operand by the Arithmetic Unit. 
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The Arithmetic Unit interprets this sing! ev/ord immediate 
operand as though the sign bit were in the most significant bit position 
as sho'v'/n below: 

,.0 1 8 9 _3i^ 

5 Extended | ^3 Bits^ n = IMMED + (X) 

c) Singleword Logical Immediate Operand 

A sing'lcword immediate operand for logical instructions is 
formed from the combined M and N-fields of the instruction, except tnat the 
left half of IMMED consists of O's instead of the extended sign. When X 5^ 0, 
the 24 least significant bits of index register X are added to IMMED. If 
X = 0, no modification occurs. 



,0 15 16.„M 

I Jerq_ | M | _N { IMMED 

+ 0 .. 8 , . 3JL 

[_^rpj 24 Bits | (X) 



0 8 31 

r^er^ZZ... n" I n = IMMED + (X) 
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DATA FORMATS 



1. Fixed point, single length, 32-bit word. 




012 ... 31 
2's complement representation for negative numbers. 



2. Fixed point, half length, 16-bit word (two half length words 




012... 16 17 18 31 



2's complement reoresentation for negative numbers. 



3. Floating point, single length, 32-bit word. 




0 1 . . . 7 8 9. . , 31 



sign and magnitude representation for 
fractional portion. 



4. Floating point, double length, 64-bit word. 




32 33 . . . 63 

sign and magnitude representation for fractional portion. 



Figure 1. Data Formats 
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REGISTER FILES 




BASE 

ADDRESS 

REGISTERS 



HALFWORD 

OPERATIONS 

16-BITS 

(Left Half only) 



GENERAL 

ARITHMETIC 

REGISTERS 



INDEX 

REGISTERS 



VECTOR 

PARAMETER 

REGISTERS 



CENTRAL 

MEMORY 



File 

A 

B 

C 

D 

X 

V 
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DATA FORMS 



INFINITE 

FLOATING 


FORMS 

ADD 


AND INDEFINITE FORMS: 

A.U. OUTPUT 




FLOATING 

POINT 

OVERFLOW 


(+ o. ) 


+ 


(■^ 


00 ) 


-f* oo 




Yes 


(+ oo ) 




(- 


oo ) 


IND 




Yes 


(- CO ) 


■f 


(+ 


oo ) 


IND. 




Yes 


(- CO ) 




(- 


oo ) 


— 00 




Yes 


{+ “ ) 


4- 


(± 


N ) 


CO 




Yes 


(- “ ) 


+ 


(i 


N ) 


*. oo 




Yes 


(IND) 


+ 


(± 


N ) 


IND 




Yes 


(IND) 


+ 


(± 


oo ) 


IND 




Yes 


FLOATING 


POINT 


SINGLE LEN 


IGTH FORMS ARE: 






+ 00 






7FFF 


FFFF 


Positive 


infinite form. 


— CO 






FFFF 


FFFF 


Negative 


infinite form 


IND 






7F00 


0000 


Indefinite form. 



FLOATING POINT DOUBLE LENGTH FORMS ARE: 



-|- CO 


7FFF 


FFFF 


FFFF 


FFFF 


— oo 


FFFF 


FFFF 


FFFF 


FFFF 


IND 


7F00 


0000 


0000 


0000 



The indefinite form, 7F00 '"‘00, is generated by the Arithmetic Unit when 
an indefinite form or a "dirty zero" appears at either input to the Arith- 
metic Unit during a floating point arithmetic operation. 

A "dirty zero" is a floating point form consisting of a zero mantissa and 
a non-zero exponent. It has the form XX00’’'00, where at least one X is no 
equal to zero. 
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FLOATING 








POINT 


floating add magnitude 


A. U. OUTPUT 


OVERFLOW 


(+ « ) + 


Id" )l 


4 * CO 


Yes 


) + 


Id" )l 


IND 


Yes 


OO 1 "I* 


1 d N il 


4- CO 


Yes 


(- « ) -f 


Idf* )i 


*• CO 


Yes 


{+ N ) + 


Id" )1 


4* CO 

• 


Yes 


(IND ) + 


idN )l 


IND 


Yes 


(IND ) + 


Id" )l 


IND 


Yes 


.(+ N ) + 


Kind )| 


IND 


Yes 


(+ “ ) + 


Kind )| 


IND 


Yes 




■ 




FLOATING POINT 


FLOATING SUBTRACT 


A. U. OTPUT 


OVERFLOW 


{+'»)- 


{+ 00 ) 


■IND 


Yes 


{+«>)- 


(- “ ) 


4“ 00 


Yes 


(. » ) . 


(+ oo ) 


— CO 


Yes 


(- “ ) - 


(- ~ ) 


IND 


Yes 


(+ « } - 


(+ N ) 


4" 0® 


Yes 


(. » ) . 


(+ N ) 


— oo 


Yes 


(±N ) - 


(+ oo ) 


•. 00 


Yes 


(± N ) - 


(- ~ ) 


4 - 00 


Yes 


(IND ) - 


(±N ) 


IND 


Yes 


(IND ) - 


(+ CO ) 


IND 


Yes 


(+ N ) - 


(IND ) 


IND 


Yes 


{+ “ ) 


(IND ) 


IND 


Yes 
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FLOATING 


SUBTRACT MAGNITUDE 


A. U. OUTPUT ’ 


FLOATING POINT 
OVERFLOW 


(4- OO J 




1(1“ )! 


IND 


Yes 


(_ .) 


- 


Ki “ ) 1 


— 00 


Yes 


{+ «) 




Kin )1 


-f w 


Yes 


(- “) 




1(1 N )! 


— CO 


Ye§ 


(+ N) 


- 


! (l “ ) i 


— CO 


Yes 


(IND) 


- 


Kin )i 


TND 


Yes 


(IND) 


- 


Kl “ ) 1 


IND 


Yes 


(+ H) 


- 


KIND )1 


IND 


Yes 


(± “) 


- 


kind )i 


IND 


Yes 


FLOATING MULTIPLY 
OR FLOATING VECTOR 
DOT PRODUCT 


A. U. OUTPUT 


FLOATING POINT 
OVERFLOW 


(+ “) 


• 


(+ . ) 




Yes 


{+ “) 


• 


(- ” ) 


— CO 


Yes 


{- “) 


• 


(+ a. ) 


— CO 


Yes 


(“ “) 


• 


(- ” ) 


Hh oo 


Yes 


(+ a.) 


• 


(1 N ) 


+ CO 


Yes 


(- “) 


• 


(IN ) 


+ “ 


Yes 


(± 


• 


( 0 ) 


IND 


Yes 


(+ N) 


• 


( 0 ) 


0 


No 


( 0 ) 


• 


( 0 ) 


0 


No 


(IND) 


* 


(1» ) 


IND 


Yes 


(IND) 


» 


(+ N 1 


IND 


Yes 


(IND) 


• 


9 ^ \ 

L u ; 


IND 


Yes 
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FLOATING DIVIDE 


P-U OUTPUT 


■ FLOATING POINT 
OVERFLOW 


DIVIDE 

CHECK 


CO ooj 


I 


Yes 


No 


(•f CO )^ ( H ) 


4" CO 


Yes 


No 


(+ «. )t (-N ) 


— ’ CO 


Yes 


No 


(- « )M N ) 


— CO 


Yes 


No 


(- « ), (-N ) 


4" 


Yes 


No 


(+ CO ( 0 ) 


4 CO 


Yes 


Yes 


(± M (± ") 


0 


No 


No 


(0 h «) 


0 


No 


No 


( 0 )v (+ N) 


0 


No 


No 


(0 )r iO) 


I HD 


Yes 


Yes 


( N ( 0 ) 


■f eo 


Yes 


Yes 


(-N )M 0 ) 


^ to 


Yes 


Yes 


(IND )4 (+ oo) 


I HD 


Yes 


No 


(INO )r (+N ) 


IHD 


Yes 


No 


(IND )M 0 ) 


IND 


Yes 


Yes 


(+ CO )v (IND) 


IND 


Yes 


No 


(+ N (IND) 


IND 


Yes 


No 


( 0 )v (IND) 


IND 


Yes 


No 



PROGRAM STATUS DOUBLEWORD 

Control conditions within the CP which are critical to a CP program are: 

1. Program counter or instruction address. 

2. Arithmetic exception mask. 

3. Arithmetic exception code. 

4. Condition code. 

5. Memory protection controls and memory map controls. 

PROGRAM STATUS LOCATIONS 

The CP status information exists in the CP as a collection of separate 
registers and flip-flops. The designations assigned to the control registers 
and flip-flops along with their function are as follows: 




PC - Program Counter . A 24~bit counter which contains the current instruction 
address at the index addition level of the Instruction Processing Unit. 

AE - Arithmetic Ex ce ption Mask . Consists of flip-flops designated MD, MF, 

M0, and MU. When the AE MASK flip-flops are "one" (masked ON) a signal from 
the CP to the PP is activated upon detection of a maskable condition within 
the CP for which a PP interrupt is desired. The maskable conditions and 
their respective mask flip-flops (ff) are: 

AE Mask ff Maskable Conditions 

MD Divide check - Divisor is equal to zero (Fixed 

point) . 

ME Fixed point overflow. 

M0 Floating point exponent overflow. 

MU Floating point exponent underflow. 

When one of the AE MASK flip-flops (MD, MF, M0, and MU) is "zero" 
(masked OFF), that condition corresponding to the zero flip-flop will not 
activate the interrupt signal from the CP to the PP. The interrupt signal 
is either inhibited or allowed to occur depending on the setting of the AE 
MASK bits (1 masked ON, O^^masked OFF). For example, if MD = 1, MF = 0, 

M0 = 0, and MU = 0, the only maskable arithmetic exception condition which 
can cause an interrupt signal from the CP to the PP is a divide check. 

The AE MASK bits can be changed by a Load Arithmetic Mask (LAM) in- 
struction executed by the CP. 

The PP interrupt conditionswithin the CP which are not maskable 
include an undefined operation code, CM protection bounds, CM parity error 
on read, and Breakpoint^ Scociftcaticn error. 

AE, COND - Arithmetic Exception Condition . An arithm.etic exception indicator 
bit (D, F, 0, or U) is set to "one" whenever one of the following maskable 
arithmetic exception conditions is detected. Table 1 presents the arithmetic 
exception condition for each scalar instruction. 

D - Divide Check - A divide check interrupt condition is recognized 
when the divisor is zero in fixed or floating point operations. The 
interrupt is enabled if a one has been loaded into the MD bit of the . 
AE mask. 

F - Fixed Point Overflow - When a high-order carry occurs or high- 
order significant bits are lost in fixed-point add, subtract or left 
arithmetic shift operations, etc., a fixed point overflow condition 
is recognized. The operations is completed by ignoring the information 
placed outside the register but a one will be placed in the X bit of 
the AE condition register. The interruption is enabled if a one has 
been placed in the MX bit of the AE mask register. 
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Table 1. Arithmetic Exception ConditV 




Table for Scalar Instructions 



Unassigned 

Operation 

Code 


Ari thmeti c 
Exception 
Condition 
Not Possible 


10.11 


L,LI,LH,LHI 


SL,SLH,SLD, 


26 


LR,LL,LD, 


SC,SCH,SCD, 


53.57.5A.5B 


LM,LMH,LMF,LMD, 


RVS, 


5D,5E,5F, 


LN,LNH.LNF,LND, 


C,CI,CH,CIH,- 


61,63,69,68, 


LNM,LNMH,LNMF,LNMD, 


CF.CFD 


71,73,76,77,79, 


LF,LFM,XCH, 


CAND,CANDI,CANDD 


7B,7E,7F, 


LAM,LLA,L0. 


COR, CORI, CORD, 


9A,9B,9E, : 


ST,STH,STR,STL, 


IBZ,IBNZ,DBZ,DBNZ 


A3,A4,A5,A6, 


SPS,STD, 


ISE,ISNE,DSE,DSNE 


A7,AE,AF, 


STZ,STZH,STZD, 


BCLE.BCG, 


B1,B2,B3,B4, 


STF,STFM, 


BC,BL, 


B5,B6,B7,B8, 


M(arith,R-even) , 


BR.BRL, 


B9,BA,BB,BC, 


MI(arith,R-even)’, 


BAE,BXEC, 


BD,BE,BF, 




PSH,PUL,M0D, 


CZ,D0,D1,D2, 


D(R-odd) 


BLB,BLX, 


D3,D4,D5,D6, 


DI(R-odd) 


LEA,INT,XEC, 


D7,DA,DB,DC, 


AND,ANDI,ANDD, 


NFX.NFH, 


DD,DF, 


0R,0RI,0RD, 


MCP,MCW, 


EA,EB,EE,EF, 


X0R,X0RI,X0RD, 




F1,F3,F5,F7, 

F9,FA,FB, 

FD,FE,FF, 


EQC,EQCI,EQCD, 







0 - Floating Point Exponent Overflo v/ - When the result characteristic 
exceeds Vll in floating-point additfon, subtraction, multiplication, 
or division, an exponent overflow is recognized. The AE condition 
register is set with a one in bit 0, The interrupt will occur if 
a one has been placed in the M0 bit of the arithmetic exception 
mask register. The result will be set to for positive overflow 
and for negative overflow. 



U - Floating Point Exponent Underflow - When the characteristic is 
less than zero in floating-point addition, subtraction, multiplica- 
tion, or division, an exponent underflow is recognized. The , operation 
is completed by making the result a true zero. A one is set in bit U 
of the AE condition register. Interrupt will occur if a one has been 
placed in the MU bit of the arithmetic exception mask register. When 
the result of a floating-point addition or subtraction has an all 
zero fraction, the operation is completed by making the result a true 
zero. 



The bits (D, F, 0, U) so set will remain set until interrogated 
by a Test Arithmetic Exception Code and Branch (AE) instruction. 

The R-field of an AE instruction is "ANDed" with the arithmetic 
exception register and if any of the resulting four bits are "one", 
then the branch will be taken. Only the AE register bits corresponding 
to "ones" in the R-field are reset to zero during execution of an 
AE--instruction . 



AE condition register 



R-field of AE instruction 



The Test Arithmetic Exception Code and Branch instruction 
allows a program to sense a divide check or overflow condition 
(without CP interrupt) and perform corrective action if necessary. 

A CP to PP Interrupt signal will not occur for the maskable arithmetic 
conditions if the corresponding MASK bits (MD, MX, M0, and MU) are 
zero. 

Unassigned Operation Code - If an unassigned operation code is encountered 
the operation is not executed and the interrupt signal is sent from the 
CP to the PPU. Also, if an indirect addressing chain detects an indirect 
address for which tne four most significant bits are not all zeros, then the 
indirect addressing instruction is not executed and the unassigned operation 
code interrupt signal is sent from the CP to the PPU. 
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BSC - Execate instruction branch or skip condition . This is a four bit register 
’^iJSRFof V'.'hich only the two least significant bits are used as indicators. 

The BSC--bit of the BSR register is set to "one" whenever an Execute Instruc- 
tion (XEC) executes a branch or skip type instruction and the condition for branching 
or skipping is satisfied. The BSC-bit is reset to "xero" whenever the condition 
for branching or skipping is not satisfied. No branch will occur when the BSC-bit 
in the BSR indicator is set. Instead, the instruction following the XEC instruction 
is executed. 




! 

- 1 ~ 

1 


MCC 


BSC 




-n S r- 
• 0 1 


r. 


1 



BSR register 



R- field of BEC 
instruction 



A Branch on Execute Condition (BEC) instruction can determine whether the 
condition for branching or skipping was satisfied for the case of an Execute 
instruction executing any conditional branch or skip type instruction. If a BEC 
instruction (one for which R = 0001 ) branches, then the condition for branching 
.'as satisfied. 

The MCC-bit of the BSR register is set to "one" whenever an Execute in- 
struction executes a Monitor Call and Proceed (MCP) or a Monitor Call and Wait 
(MCW). The monitor call does not write into central memory nor is the PPU 
s1gn^e*d of a monitor call when an MCP or MCW is executed by an Execute in- 
struction. 

If a Branch on the Execute Condition instruction (one for which R=0010) 
branches, then an Execute instruction has executed an MCP or MCW instruction. 

The indicator bits of the BSR register which correspond to the position of 
"ones" in the R-field of the BEC instruction are, reset to "zero" by the BEC in- 
struction. Bit positions of BSR v;hich are not tested by "ones" in R are not reset 
by the BEC instruction. Only the two LSB's of the BSR register are used by the 
Branch on Execute Condition instruction. The remaining two unused bits of BSR 
will be tied to "zero", The 2 MSB's of the R-field of the BEC instruction are 
"don't cares" as a result of the 2 MSB's of BSR being forced to "zero". 

CC - Compare Code. One of the flip-flops CL, CG, or CE is set by an arithmetic 
dr logfcaT compare instruction and the bit so set will remain set until another 
compare instruction modifies the setting. Thus, the compare code indicators 
always reflect the outcome of the last compare instruction executed before being 
tested by a Comparison Code Branch instruction. The compare code indicators are 
not affected by a Comparison Code Branch instruction. 
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CL CG , CE ! CC register 



r^ r-j r^ r. ’ R-field of Comparison 

Code Branch instruction 



The arithmetic and 
son code are listed below 
with another operand (y). 
instructions defining the 



logical properties viith their corresponding ccmpari- 
for the general case of one operand (x) compared 
The definitions of x and y are given with the 
various comparison operations. 



Arithmetic 
(x) : 


compare 

(y) 


CC, compare 
CL CG 


code 

CE 


Logical compare 
[(x)j Boolean {y) 


(x) 


(y) 


1 


0 


0 


Mixed "1 's" and "O's" 


(x) 


(y) 


0 


1 


0 


All bits are "1" 


(x) 


■ (y) 


0 


0 


1 


All bits are “0" 



RC - Result Code - One. of the flip'flops RL, RG, or RE is set according to 
the properties of the arithmetic or logical result emerging from the arithmetic 



unit and the bit so set will remain set until another result from 



C/l i C 



AU modi fi 



cb 



the setting. Thus, the result code indicators reflect the current status of 
the most recently referenced register. The result code indicators are not 
affected by a Result Code Branch instruction. 




RC register 

R-field of Result 
Code Branch instruction 



The arithmetic and 
corresponding result code 



logical properties of the AU result with their 
are listed below. 
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Arithmetic result 
from AU 


RC, Result 
RL RG 


code 

RE 


Logical result 
from AU 


(x) < 0 


1 


0 


0 


Mixed "I's" and "O's" 


(x) > 0 


' 0 


1 


0 


All bits are "1" 


(x) = 0 


0 


0 


1 


All bits are "0" 



NOTE: Load and Store instructions cause the result code to be set as if 

the operand viere an arithmetic result from the AU. 



ro MCMopy IJSA^F PITS 



Bits 16 through 19 (labeled CP MEM USAGE) of the second word of the 
Program Status Double'word are reserved for Central Processor memory usage 
information. The CP MEM USAGE bits indicate that the Central Processor has 
been placed under the following usage mode by the Peripheral Processing Unit. 



bit 16, 
bit 17, P 

bit 18, B 

bit 19, V 



0 ^ Mapped 

1 ^ Not Mapped 

0 ^ Memory Protection 

1 No Memory Protection 

0 No Breakpoint 

1 ^ Breakpoint Active 

0 ^ Actual Breakpoint 

1 ^ Virtual Breakpoint 



STORE AND LOAD PROGRAM STATUS 

Three CCR signals from the PPU to the CP store, load, or exchange the 
program status doubleword as follows. 

Store program status doubleword - Tne CP permits all instructions which 
are currently in process to go to compleiton. No new instructions 
are fetched by the instruction fetch unit after receiving this signal. 
After all instructions have been completed, the program status doubleword 
and all register files are stored at the location specified by the 
contents of memory location 14. 



Load program status doubleword - The CP immeidately loads the program 
status doubleword and all register files beginning at the location 
specified by the contents of memory location 15 and then proceeds 
with execution. 

E xchange program status - The CP first performs the Store operation, 
then It performs the Load operation. 

The program status dou&leword has the following format: 
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0 



16 



20 24 28 31 



Singleword 

Location 



loc a + 



Not 

Used (Zero) 


CP MEM 
USAGE 


BSR 


CC 


RC 


0 


4 


8 








31 


AE 

COND 


AE 

MASK 


PC 



It should be clear from the preceding descriptions that the CP status information 
exists as a collection of separate registers and flip-flops and that the fields 
designated here only indicate how the respective CP status information is formatted 
in central memory. The designation names of these registers have been retained 
in this memory format. 

A separate CP instruction is provided to store the first word of the program 
status doubleword into central memory singleword location a. The Store Program 
Status. Word, SPS, instruction stores the CP MEM USAGE, BSR, CC and RC status informa- 
tion according to the format. 

loc a 0 16 20 24 28 31 



Not 

Used (zero) 


CP MEM 
USAGE 


BSR 


CC 


RC 



The load, store, or exchange status memory map appears as follows: 
WORD 

0 1 2 3 4 5 6. 7 

OCTET 0 
1 

• ' 2 

3 

4 

5 

6 



PSDW I NOT USED 

REGISTER FILE A 

REGISTER FILE B 
REGISTER FILE C 



REGISTER FILE D 



REGISTER FILE I 



REGISTER FILE V 



Program Status Doubleword 22A 
Section B3 







[m 




FKUfiE 1 , IwTrRv\£:DMTE: Level CP Map 





When it is intended that the CP start a new assignment through the use of 
Loading or Exchanging at the Intermediate level, and there is no prior CP inter- 
mediate level map available to load the internal registers of the CP, then the 
starting address of the instructions to be executed by the CP must be entered 
into the P3 word of an intermediate map. This is octet 2, word 5 (numbers begin 
with 0) of the intermediate map. The A£ Condition, AE Mask, CP Memory Usage, 

BSR, CC, and RC bits must also be loaded. They are in octet 2, vyord 6 of the 
intermediate map. All other words of the map should be zero, initially. En- 
tering of data into these locations must, of course, be done prior to an Exchange 
Intermediate (either by CCR code or automatic context switching) or a Lo^ad Inter- 
mediate (by CCR code). See Figure 1 for Intermediate Level CR Map pa^e 22B 



ASSEMBLER MNEMONICS 



The Central Processor (CP) instructions are described using their 
assembler mnemonics for each instruction. Instructions which have the same 
mnemonics but different operation codes are distinguished from each other 
by the register designation. For example, the assembler will recognize L 
as the mnemonic for an instruction which loads an index register even though 
the same mnemonic is also used to load base registers and arithmetic registers. 
All three instructions have different operation codes and the one selected can 
be determined from the register designation. Thus, the volume of instruction 
mnemonics to learn is reduced. 
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The special characters @ and = are used in certain ASC instruction 
procedures. Whenever' both of these symbols are used v/ith the same expression, 
the order of their appearance is irrelevant. However, their appearance will 
be flagged in error by the assembler if they are used incorrectly. Their use 
anywhere but immediately preceding an expression is illegal. 

The CP instructions are written in the form: 

Label Command Operand Remarks 

In all instructions. Label is optional. When used, it will be assigned 
the value of the location counter of that instruction. 

The operand format is dictated by the command and is described for 
each instruction on the following pages. In general, the following characters 
are used to represent' special information in the operand formats: 

R is the name of the register involved in the operation. 

N is the central memory reference in the operand and may be 
represented by using a symbol which is the label of a memory 
location or by using base and displacement if N is replaced 
by (D,B) where, 

D is the displacement value and, 

B is the base register. 

X is the index register name and is optional. It is used to modify 
the N field. 

Examples: R, N, X or R^ (D,B) , X 

When the N field is used for immediate referencing (to the instruction 
itself), the symbol I will be used. 

means an can be used to indicate indirect addressing. 

= means an can be used to cause the Assembler to create a literal 
to be generated from N and replace N in this instruction with the 
literal's location. 

For Branch instructions, "=" may be used only in pair with a “0". 

Using the "0" does not require the "=". 
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CP operand Format Types: 



1. R.O=N,X 

2. R,ON,X 

3. @N,X 

4. R,I,X 

5. I,X 

6. R,R,M v/here the .first R is for the R-field, the second for the 
X-field. 

7. R,(3=N,X 

8. @=N,X 

9. M,(a=N,X 

10. I 

All values of registers must be represented by using symbolic 
constants which are familiar to the assenibler via automatic initialization. 
For example, the CP registers are represented as 

Location 0 = BO 
l.= B1 

2 = B2 

3 = B3 



. E = B14 
F = B15 

10 = AO 

11 = All 



IF = A15 

20 = XO 

21 = XI 



27 = X7 

28 = VO 

29 = VI 



2F = V7 - 

If the register is not represented symbolically (i.e., X7 is specified 
by using a 27), an error is indicated by the Assembler unless it is in the 
second list item of the operand field (the Address Parameter). In this parameter, 
a number will be assumed to be an absolute address. The above reserved symbols 
may not be assigned as labels by the user. 
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In the £ollov/ing lists, for- ’ scalar Central Processor 

instructions, the columns contain the following information: MNEMONIC 

COPE heads -the column listing the mnemonics recognized and interpreted in 
the command field of the Assembler Language statement; INSTRUCTION heads 
the column containing a brief description of the operation initiated by the 
coriimand; OPERATION CODE heads the column listing the machine (CP) code 
produced by the Assembler from information in the command and operand fields 
of the Assembler Language statement; TYPE FORMAT heads the column which 
gives the format type showing the maximum complexity permitted for the 
particular command; OPERAND FORMAT heads the column which contains the 
symbolic representation of an operand of maximum complexity for the particular 
command; and ASSEMBLER SUPPLIED R FIELD, for those commands where it is 
applicable, heads the column which contains the value the Assembler supplies 
to the R field of the resultant machine code. 



MNEMONIC 


INSTRUCTION 


OPERATION 


TYPE 


OPER.AND 


CODE 




CODE 


FOPaMAT 


FORMAT 


ST 


Store arithmetic register, single length 


24 


2 


R,@N,X 


ST 


Store base register, single length 


28 


2 


R,@N,X 


ST 


Stbre index register or vector parameter 
register, single length 


2C 


2 


R,§N,X 


STH 


Store half length, arithmetic register 


25 


2^;. 


R,@N,X 


STR 


Store register right half into memory right 
half, arithmetic register 


2D 


2 


R,@N,X 


STL 


Store register left half into memory right 
half, arithmetic register 


29 


2 


R,@N,X 


SPS 


Store program status word 


22 


3 


@N,X 


STD 


Store arithmetic register, double length ^ 


27 


2 


R,@N,X 


STN 


Store negative, single length 


34 


7 


R,@=N,X 


STOH 


Store negative, half length 


35 


7 


R,@=N,X 


STNF 


Store negative, floating point 


36 


7 


R,@=N,X 


STND 


Store negative, double length 


37 


7- 


R,§=N,X 


iSTO 


Store ones complement 


2E 


7 


R,§=N,X 


STQH 


Store ones complement, half length 


2A 


7 


R,@=N,X 
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MNEMONIC 

CODE 


INSTRUCTION 


OPERATION 

CODE 


TYPE 

FOPAIAT 


OPERAND 

FOR'IAT 


STZ 


Store zero, single length 


20 


3 


@N,X 


STZH 


Store zero, half length 


21 


3 


@N,X 


STZD 


Store zero, double length 


25 


3 


@N,X 


STF 


Store base register file, registers 


2B 


9 


M,eN,X 




M=0 




■t 




STF 


Store base register file, registers 


2B 


9 


M,@N,X 




M=1 








STF 


Store arithmetic register file, registers 


2B 


9 


M,8N,X 




10-17^, M=2 








STF 


Store arithmetic register file, registers 
18-lF,,, M=3 

n 


2B 


9 


M,@N,X 


STF 


Store index register file, registers 20-27^^^, 


2B 


9 


M,@N,X 




M=4 








STF 


Store vector parameter register file, 
registers 28- 21’^^, M=5 


2B 


9 


M,1N,X 


STFM 


Store all register files, registers 


2F 


3 


@N,X 


L 


Load arithmetic register single length word 


14 


1 


R,@=N,X 


L 


Load base register single length 


18 


1 


R,@=N,X 


L 


Load index register or vector parameter 
register single length 


1C 


1 


R,@=N,X 


LI 


Load immediate into arithmetic register 
single length 


54 


4 


R,I,X 


LI 


Load ■ immediate into index register, or vector SC 


4 


R,I,X 




parameter register single length 








LH 


Load arithmetic register half length word 


15 


1 


R,@=N,X 


LIH 


Load immediate into arithmetic register 
half length 


55 


4' 


R,I,X 


LR 


Load mem.ory right halfv;ord into arithmetic 
register right halfword 


ID 


1 


R,@=N,X 


LL 


Load memory right halfword into arithmetic 
register left halfword 


19 


1 


R,te=N,X 


LD 


Load arithmetic register double length xv’ord 


17 


1 


R,0=N,X 
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f^JEMONlC 

CODE 


INSTRUCTION < 


DPERATION 

CODE 


TYPE 

FOimT 


0PEfL-\ND 

FORMAT 


CM 


Load magnitude fixed point single length - 
arithmetic register 


3C 


1 


R,@=N,X 


LMH 


Load magnitude fixed point half length - 
arithmetic register 


3D 


1 


R,@=N,X 


LMF 


Load magnitude floating point single length - 
arithmetic register 


3E 


1 


R,§=N,X 


LMD 


Load magnitude floating point double length - 
arithmetic register 


3F 


1 


R,§=N,X 


LN 


Load negative fixed point single length 
(load tKos complement) arithmetic register 


30 


1 


R,@=N,X 


LNH 


Load negative fixed point half length - 
arithmetic register 


31 


1 


R,§=N,X 


LNF 


Load negative floating point single length - 
arithmetic register 


32 


1 


R,§=N,X 


LND 


Load negative floating point double length - 
arithmetic register 


33 


1 


R,§=N,X 




Load negative magnitude fixed point single 
length - arithmetic register * 


38 


1 


R,@=N,X 


LNMH 


Load negative magnitude fixed point half 
length - arithmetic register 


39 


1 


R,§=N,X 


LNMF 


Load negative magnitude floating point single 
length - arithmetic register 


3A 


1 


R,@=N,X 


LNMD 


Load negative magnitude floating point double 

/ 

length - arithmetic register 


3B 


1 


R,@=N,X 


LF 


' Load base register file, registers l-7„, 

n 

M=0 


IB 


9 


M,@N,X 


LF 


Load base register file, registers 8-F,,, 
M»1 


IB 


9 


M,@N,X 


LF 


Load arithmetic register file, registers 
10-17j^, M=2 


IB 


9 


M,@N,X 


LF 


Load arithmetic register file, registers 


IB 


9 


M,@N,X 



18-lFj^, M=3 
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MNEMONIC 

CODE 


INSTRUCTION 


OPERATION 

CODE 


TYPE 

FOPvMAT 


OPER.YND 

FOR'IAT 


LF 


Load index register file, registers 20-27„, 
M=4 


IB 


9 


M,@N,X 


LF 


Load vector parameter register file, 
registers 2S-2Fj^j, M=5 


IB 


9 


M,3N,X 


LFM 


Load all register files 


IF 


3 

'4 


SN,X 


XCH 


Exchange - arithmetic register 


lA 


2 


R,.5N,X 


LAM 


Load arithmetic mask 


12 


8 


@=N,X 


LAC 


Load arithmetic exception condition 


13 


8 


@=N,X 


LLA 


Load look ahead 


16 


10 


I 


LO 


Load arithmetic register with ones 
complement, single length 


IE 


1 


R,@-X,X 


A 


Add to arithmetic register, fixed point, 
single length 


40 


1 


R,@=N,X 


A 


Add to base register, fixed point, single- 
length 


60 


1 


R,@=N,X 


A 


Add to index or vector parameter register, 
fixed point, single length 


62 


1 


R,@=N,X 


AI 


Add immediate to arithmetic register, 
fixed point, single length 


50 


4 


R,I,X 


AI 


Add immediate to base register, fixed point, 
single length 


. 70 


4 


R,I,X 


AI 


Add immediate to-itidex or vector parameter 
register, fixed point, single length 


72 


4 


R.i.x 


AH 


Add fixed point, half length - arithmetic 
register 


41 


1 


R,@=N,X 


AIH 


Add immediate fixed point, half length - 
arithmetic register 


51 


4 


R.I.X 


AF 


Add floating point, single length - 
arithmetic register 


42 


1 


R,@=N,X 


AFD 


Add floating point, double length - 
arithmetic register 


43 


1 


R,@=N,X 


AM 


Add magnitude fixed point, single length - 
arithmetic register 


44 


1 


R,0=N,X 


AMH 


Add magnitude fixed point, half length - 
arithmetic register 


45 


1 


R,@=N,X 
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NfMEMONIC 


INSTRUCTION 


OPERATION 


TYPE 


OPERAND 


CODE 




CODE 


FOPJ-IAT FORMAT 


AMF 


Add magnitude floating point, single length - 
arithmetic register 


46 


1 


R,@=N,X 


AJ-IFD 


Add magnitude floating point, double length - 
arithmetic register 


47 


1 


R,@=N,X 


S 


Subtract fixed point, single length - 
arithmetic register 


48 


1 


R,§=N,X 


SI 


Subtract immediate fixed point, single 
length - arithmetic register 


58 


4 


R,I,X 


SH 


Subtract fixed point, half length - 
arithmetic register 


49 


1 


R,0=N,X 


SIH 


Subtract immediate fixed point, half 
length - arithmetic register 


59 


4 


R,I,X 


SF 


Subtract floating point, single length - 
arithmetic register 


4A 


1 


R,@=N,X 


SFD 


Subtract floating point, double length - 
arithmetic register 


4B 


1 


R,@=N,X 


SM 


■ Subtract magnitude fixed point, single 
length - arithmetic register 


4C 


1 


R,0=N,X 


SMH 


Subtract magnitude fixed point, half 
length - arithmetic register 


4D 


1 


R,@=N,X 


SMF 


Subtract magnitude floating point, aingle 
length - arithmetic register 


4E 


1 


R,0=N,X 


SMFD 


Subtract magnitude floating point, double 
length - arithmetic register 


4F 


1 


R,0=N,X 


M 


Multiply fixed point, single length - 
arithmetic register 


6C 


1 


R,0=N,X 


M 


Multiply base register 


68 


1 


R,0=N,X 


M 


Multiply index or vector parameter register 


6A 


1 


R,0=N,X 


MI 


Multiply immediate fixed point, single 
length - arithmetic register 


7C 


4 


R,I,X 


MI 


Multiply immediate to base register 


78 


4 


R,I,X 


MI 


Multiply immediate to index or vector 
parameter register ^ 


7k 


4 


R,I,X 


MH 


Multiply fixed point, half length - 
arithmetic register 


6D 


1 


R,0=N,X 
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MNEMONIC INSTRUCTION OPER.A.TION TYPE OPERAND 



CODE 




CODE 


FOR!AT 


FOPvMAT 


Mill 


N!ultiply inimediate fixed point, half length - 
arithraetic register 


7D 


4 


R,I,X 


MF 


Multiply floating point, single length - 
arithmetic register 


6E 


1 


R,§=N,X 


MFD 


Multiply floating point, double length - 
arithmeti c register 


6F 


1 . 


R,3=N,X 


D 


Divide fixed point, single length. - 
arithmetic register 


64 


1 


R,e=N,X 


D1 


Divide immediate fixed point, single 
length - arithmetic register 


74 


4 


R,I,X 


DH 


Divide fixed point, half length - 
arithmetic register 


65 


1 


R,?-N.X 


DIH 


■ Divide immediate fixed point, half length - 
arithmetic register 


75 


4 


R,I,X 


DF 


Divide floating point , single length - 
arithmetic register 


66 


1 


R,3=N,X 


DR) 


Divide floating point, double length 


67 


1 


R,0=N,X 



arithmetic register 



AND 


AND - arithmetic register 


EO 


1 


R,@=.\,X 


AND I 


Immediate AND - arithmetic register ' 


FO 


4 


R,I,X 


OR 


OR - arithmetic register 


E4 


1 


R,9=N,X 


ORI 


Immediate OR - arithmetic register 


F4 


4 


R,I,X 


XOR 


Exclusive OR - arithmetic register 


E8 


1 


R,e=x,x 


XORI 


Immediate Exclusive OR - arithmetic register 


FS 


4 


R,nx 


EQC 


Equivalence - arithmetic register 


EC 


1 


R,@=N,X 


EQCI 


Immediate equivalence - arithmetic register 


FC 


4 


R.I,X 


ANDD 


AND - arithmetic register C)^ooble length) 


El 


1 


R,8=NyX 


ORD 


OR - arithraetic register (double length) 


E5 


1 


R,@=N,X 


XORD 


Exclusive OR - arithmetic register (double 
length) 


E9 


1 


R,@=N,X 


EQCD 


Equivalence - arithmetic register (double 
length) 


ED 


1 


R,@=N,X 


SA 


Arithmetic shift, fixed point, single 


CO 


4 


R,I,X 



length - arithmetic register 
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MNEMONIC INSTRUCTION ‘ OPERATION TYPE OPERAND 



CODE 




CODE 


FORMAT 


FORMAT 


SAU 


Arithmetic shift, fixed point, half length - 
arithmetic register 


Cl 


4 


R,I,X 


SAD 


Arithmetic shift, fixed poiiit, double 
length - arithmetic register 


C3 


4 


R,I,X 


SL 


Logical shift, single length - arithmetic 
register 


C4 


4 


R,I,X 


SLH 


Logical shift, half length - arithmetic 
register 


C5 


4 


R,I,X 


SLD 


Logical shift, double length - arithmetic 
register 


C7 


4 


R,I,X 


SC 


Circular shift, single length - arithmetic 
register 


CC 


4 


R,I,X 


SCH 


Circular shift, half length - arithmetic 
register 


CD 


4 


R,I,X 


SCD 


Circular shift, double length - arithmetic 
register 


CF 


4 


R,I,X 


RVS 


Bit reversal, single length - arithmetic 
register 


C6 


4 • 


R,I,X 


C 


Compare fixed point, single length - 
arithmetic register 


C8 


1 


R,@=N,X 


c 


Compare index register, single length 


CE 


1 


R,@=N,X 


Cl 


Compare immediate, fixed point, single 
length - arithmetic register 


D8 


4^ 


R,I,X 


Cl 


Compare immediate, index register, single 
length e 


DE 


4.. 


R,I,X 


CH 


Compare fixed point, half length - 
arithmetic register 


C9 


1 


R,@=N,X 


CIH 


Compare immediate, fixed point, half 
length - arithmetic register 


D9 


4 


R,I,X 


CF 


Compare floating point, single length - 
arithmetic register 


CA 


1 


R,0=N,X 


CFD 


Compare floating point, double length - 
arithmetic register 


CB 


1 


R,@=N,X 


CAND 


Compare logical AND - arithmetic register ' 
(single length) 


E2 . 


1 


R,8=N,X 
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MNEMONIC 


INSTRUCTIOxN 


OPER.ATION 


TYPE 


0PER.\ND 


CODE 




CODE 


FOR24AT 


FORMAT 


CANDI 


Compare immediate logical AND - arithmetic 
register (single length) 


F2 


4 


R,I,X 


COR 


Compare logical OR, single length - 
arithneti c register 


E6 


1 


R,@=N,N 


COR I 


Compare immediate logical OR, single 
length arithmetic register 


F6 


4 

V 


R,I,X 


CANDD 


Compare logical AND, double length 
arithmetic register 


E3 


1 


R,9-N,X 


CORD 


Compare logical OR, double length - 
arithmetic register 


E7 


1 


R,S=N,X 


IBZ 


Increment, test and branch on zero ~ 
arithmetic register 


88 


7 


R,9=N,X 


IBZ 


Increment, test index, and branch on zero 


8C 


7 


R,Q=.\’,X 


IBNZ 


Increment, test , and branch on non- zero - 
arithmetic register 


89 


7 


R,0=N,X 


IBNZ 


Increment, test index, and branch on 
non- zero , 


8D 


7 


R,@=.\',X 


DBZ 


Decrement, test, and branch on zero - 
arithmetic register 


8A 


7 


R,@=N,X 


DBZ 


Decrement, test index, and branch on zero 


8E 


7 


R,@=N,X 


DBNZ 


Decrement, test, and branch on non-zero - 
arithmetic register 


- 8B 


7 


R,@=N,X 


DBNZ 


Decrement, test index, and branch on 
non- zero 


8F 


7 


R,@=N,X 


ISE 


Increment, test, and skip on equal - 
arithmetic register 


80 


1 


R,@=N,X 


ISNE 


Increment, test, and skip on not equal - 
arithmetic register 


81 


1 


R,@=N,X 


DSE 


Decrement, test, and skip on equal - 
arithmetic register 


82 


1 


R,0=N,X 


DSNE 


Decrement, test, and skip on not equal - 
arithmetic register 


S3 


1 


R,0=N,X 


BCLE 


Branch on arithmetic register less than 
or equal to 


84 


6 


R,R,N 
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(^ISLMON'IC INSTRUCTION OPERATION TYPE OPERAND 



" CODE 




CODE 


FORNLAT 


FOPvMAT 


k;i fc 


Branch on index less than or equal to 


86 


6 


R,R,N 


KG 


Branch on arithmetic register greater than 


85 


6 


R,R,N 


BCC 


Branch on index greater than 


87 


6 


R,R,N 


PSH 


Push word ~ arithmetic register 


93 


2 


R,@N,X 


PUL 


Pull word - arithmetic registei' 


97 


2 


R,0N,X 


.MOD 


Modify - arithmetic register 


9F 


2 


R,0N*;x 


BLB 


Branch and load register with PC 


98 • 


7 


R,0=N,X 


BIX 


Branch and load index register or vector 
parametei* register 


99 


7 


R,0=N,X 


LEA 


Load effective address - index register 


56 


1 


R,0=N,X 


LEA 


Load effective address into base register 


52 


1 


R,0=N,X 


INT 


Interpret - arithmetic register 


92 


1. 


R,0=N,X 


XEC 


/ 

Execute 


96 


8 


0=N,X 


ELFX 


Convert floating point single length to 
fixed point single length - arithmetic 
register 


AO , 


2 


R,0N,X 


.LFII 


Convert floating point single length to 
fixed point half length - aritJ?metic register 


A1 


2 


R,0N,X 


FDFX 


Convert floating point double length to 
fixed point single length 


A2 


2 


R,0N,X 


FXFL 


Convert fixed point single length to 
floating point single length 


A8 


2 


R,0N,X 


FXFD 


Convert fixed point single length to 
floating point double length 


AA 


2 


R,0N,X 


FHFL 


Convert fixed point half length to 
floating point single length 


A9 


2 


R,0N,X 


FHFD 


Convert fixed point half length to floating 
point double length 


AB 


2 


R,§N,X 


NFX 


Normalize fixed point single length - 
arithmetic register 


AC 


2 


R,0N,X 


NFH 


Normalize fixed point half length - 
arithmetic register 


AD 


2 


K,0N,X 
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MNEMONIC 

CODE 


INSTRUCTION 


OPERATION 

CODE 


ASSEMBLER 
SUPPLIES 
R FIELD 


TYPE 

FORMAT 


OPERAND 

FORMAT 


MCP. 


Monitor call and 


90 


‘ 


5 


I,X 




proceed 










MCW 


Monitor call and 


94 




5 


I,X 




wait 










VECT 


Vector 


BO 


R = 1 


3 


§N,X 


VECTL 


Vector after loading 


BO 


R = 0 


3 


@N,X 




vector file 










Compare Code Branch Operation Code 


= 91 








BCC 


Branch on compare 
code 


91 




9 


M,§=N,X 


NOP 


Take next instruction 


91 


R = 0 


8 


@=N,X 


Comment ; 


Execution of data values 


or indirect 


address constants will 


have 


the effect 


of a no-operation if the first four 


bits of the 


word (operation 


code) are 


zeros . 










BE 


(R) = (a) 


91 


R = 1 


8 


@=N,X 


BG 


(R) > Cot) 


91 


R = 2 


8 


ia=N,X 


BGE 


(R) > (a) 


91 


R = 3 


8 


@=N,X 


BL 


(R) < (a) 


91 


R = 4 


8 


§=N,X 


BLE 


CR) < (a) 


91 


R = 5 


8 


@=N,X 


BNE 


CR) ^ Ca) 


91 


R = 6 


8 


@=N,X 


B 


Unconditional branch 




R = 7 


8 


§=N,X 


Logical Branch Operation Code = 91 










BCZ 


All bits are zero 


91 


R = 1 


8 


@=N,X 


BCO 


All bits are one 


91 


R = 2 


8 


@=N,X 


BCN?-I 


Not mixed 


91 


R = 3 


8 


§=N,X 


BCM 


Mixed zeros and ones 


91 


R = 4 


8 


0=N,X 


BCNO 


Not all ones 


91 


R = 5 


8 


@=N,X 


BCNZ 


Not all zeros 


91 


R = 6 


8 


@=N,X 
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f^fNE^MONIC 

CODE 


INSTRUCTION 


OPERATION 

CODE 


ASSEMBLER 
SUPPLIED 
. R FIELD 


TYPE 

FORMAT 


OPERAND 

FOiy^lAT 


Result 


Code Branch Operation Code 


= 95 








BRC 


Branch on result 


95 




9 


M,§=N, 




code 










B2 


(R) = 0 


95 


R = 1 


8 


§=-di,X 


BPL 


(R) > 0 


95 


R = 2 


8 


@=N,X 


BZP 


(R) > 0 


95 


R = 3 


8 


0=N,X 


BMI 


CR) < 0 


95 


R - 4 


8 


@=N,X 


B2M 


CR) 5 0 


95 


R = 5 


8 


@=N,X 


BNZ 


(R) 0 , 


95 


R = 6 


8 


@=N,X 


Logical 


Result Branch Operation Code = 95 






• 


BRZ 


All bits are zero 


95 


R = 1 


8 


@=N,X 


BRO 


All bits are one 


95 


’ R = 2 


8 


@=N,X 


BRNM 


Not mixed 


95 


R = 3 


8 


§=N,X 


'brm 


Mixed zeros and ones 


95 


R = 4 


8 


@=N,X 


BRNO 


Not all ones 


95 


R = 5 


8 


@=N,X 


BRNZ 


Not all zeros 


95 


R = 6 


8 


0=N,X 


Arithmetic Exception Branch Operation Cede = 


9D ^ 






BAE 


Branch on arithmetic 


9D 




9 


M,0=N,) 




■ exception 










BU 


Floating point EXP 
underflow 


9D 


R = i 


8 


0=N,X 


BO 


Floating point EXP 

/ 

overflow 


9D 


R = 2 


8 


0=N,X 


BID 


Floating point EXP 
underflow or overflow 


9D 


R = 3 


8 


0=N,X 


BX 


Fixed point overflow 


9D 


R = 4 


8 


0=N,X 


BXU 


Fixed point overflow 


9D 


R = 5 


8 


0=N,X 



or floating EXP 
underflow 
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M^iEMONlC 

CODE 

Ar ithnietic 

BXO 

BXUO 

BD 

BDU 

BDO 

BDUO 

BDX 

BDXU 

BDXO 

BDXUO 



INSTRUCTION 

Exception Branc’n Operati 


OPERATION 

CODE 

on Code -- 


ASSEMBLER 
SUPPLIED 
K FIELD 

9D .(continued) 


TYPE 

FORMAT 


OPE RAN! 
FORMAT 


Fixed point overflow 
or floating point 
EXP overflow 


9D 


R = 6 


8 


@=N,X 


Fixed point overflow 
or floating point 
EXP overflow or 
underflow 


9D 


R = 7 


8 


@=N,X 


Divide check 


9D 


R = 8 


8 


@=N,X 


Divide check or 
floating point EXP 
underflow- 


9D 


R = 9 


8 


©=N,X 


Divide check or 
floating point EXP 
overflow 


9D 


R = A 


8 


§=N,X 


Divide check or 
floating point EXP • 
underflow or overflow 


9D 


R = B 


S 


S=.N,X 


Divide check or 
fixed point overflow 


9D 


R = C 


8 


@=N,X 


Divide check or 
fixed point overflow 
or floating point EXP 
underflow 


9D 


R = D 


8 


@=N,-X 


Divide check or fixed 
point overflow or 
floating point EXP 
overf lov\f 


9D 


R = E 


8 


@=N,X 


Divide check or fixed 
point overflow or 
floating point EXP 
overflow or underflow 


9D 


R = F 


8 


@=N,X 
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!.3t’EM0NIC , 
CODE 


INSTRUCTION 


OPERATION 

CODE 


ASSEMBLER 
SUPPLIED 
R FIELD 


TYPE 

FORMAT 


Branch on 


Execute Condition' Operation Code = 9C 






BXEC 


Branch on Execute 


9C , 


R = 1 


3 




branch condition 


. 


or odd 





true 






OPERAND 

FORMAT 



@N,X 
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LOAD IMSTRUCTIONS 



LOAD WORD (L) 



Operation Code 
Type Format 
Operand Format 



18, 1C 



Type Addv’essing 
Symbolic Notation 



14. 

1 

R, 0 = N, X 
a, v/ord level 
(a) R 



There are three forms of the 
load v.'ord instruction indicated by 
the OP codes. One of these fo>'ms has 

two classes distinguished by the R field. 

In each case, the contents of the address 
indicated by the T, M, and N fields is 

loaded into the register indicated by the R field. In the case of OP code 
1C, an R- field value from 0 to 7 (hexadecimal) indicates index registers (XR) 
and from 8 to F vector registers (VR). 



OP Code 



R-Field 

Desti nation Re gister Loaded 



14 

18 

1C 

1C 



AR (0 thru F) 

BR (1 thru F) 

R Range 0 thru 7 
addresses XR 0 
thru 7. 

R Range 8 thru F 
addresses VR 0 
thru 7 . 



Arithmetic 

Base 

Index 



Vector 



Programming Note : A Load Word instruction which specified base register 

zero (bo) vvill set the Result Code to the value of the a addressed operand, 
but otherwise appears as a no operation since base register zero is a 
fixed "all zeros" register. 

Result Code : The result code register is set according to' the arithmetic 

value of the operand in the register indicated by the R-field after the 
load operation is complete. The three allowable values of the result 
code are as follows: 



Contents of R after load ' Result Code (RL, R6, RE) 



Negative, (R) < 0 
Positive, (R) > 0 
Zero, (R) = 0 

Program Interruption: None. 



( 1 , 0 , 0 ) 
( 0 , 1 , 0 ) 
(0, 0, 1) 
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LOAD WORD inriEDIATE (LI) 



The 'immediate operand is entered 
into the register indicated by the 
R“field. In OP code 54, an R-field 
range from 0 thru F addresses arithmetic 
registers 0 thru F. In OP code 5C, an 
R-field range from 0 thru 7 addresses 
index registers 0 thru 7 and an R-field range 
from 8 thru F addresses vector registers 0 thru 7. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



54, 5C 
4 

R, I, X 

Immediate 
n R 



R-Field 

OP Code Destination 



Register Loaded 



54 

5C 



5C 



AR (0 thru F) Arithmetic 

R range 0 thru 7 Index 

addresses XR 
0 thru 7. 

R range 8 thru F Vector 
addresses VR 
0 thru 7. 



Programming Note ; Whole v;ord immediate operands for load instructions 
are formed from the combined M and N fields of the instruction v/ord 
with extended sign (2's complement representation for negative numbers).. 
The left half of IMMED cons’ists of the extended sign of the most 
significant bit of the right half of IMMED. This immediate operand 
can be modified by an index register when X / 0. For this case, the 
contents of index register X is interpreted as a signed number (2's 
complement representation for negative numbers) within the range 

-2^^ — (X) — 2^^ -1. In effect, the sign bit in the eighth bit 

position of the contents of index register X is extended into the 
most significant eight bits (bit position 0 through 7) before being 
added to IMMED. The true 32-bit value contained in index register X 
remains unchanged; the sign extension occurs in the index unit hardware 
and not in the register file. The modified immediate operand, n, is 
restricted to the range -223 1 ^ -2^3 _i by virtue of the fact that 

the parallel adder in the index unit is only 24-bits wide. The sign 
bit in the eighth bit position of n is extended into the most significant 
eight bits of n before being used as a modified immediate operand by 
the arithmetic unit. 



0 




16 


20 31 




i 


Extended Sign 


! 

i 


M I N 1 


IMMED 


0 




8 


31 






Extended Sign 




23 bits 1 

1 


(X) 












0 




8 






f 


Extended Sign, 
i 




n (23 bits) 

i 


n = IMMED + (X) 
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Result code for load immediate instructions : The result code register 

is set according to the arithmetic value of the operand in the register 
indicated by the R-field after the load operation is complete. The 
three allowable values of the result code are as follows; 

Contents of R after loa d Result code (RL, RG, RE) 

( 1 . 0 , 0 ) 

( 0 , 1 , 0 ) 

(0, 0, 1) 

Program Interruption: None. 



Negati ve 
Positive 
Zero 
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LOAD HALFWORD (LH) 



The halfvwrd (16 bits) from 
location is entered into the 
left half of arithmetic register AR. 
The right half of register AR re- 
mains unchanged. Mote that re- 
presents an address for whicfi dis- i 
placement indexing is used and as ' 
such denotes a halfword address. An; 
odd index value selects halfwords j 
from the least significant half 
(right half) of a central memory or 
register whole word. An even index : 
value addresses the left halfword 
of a central memory or register whole 
when not indexed. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



15 

1 

R, 0 = N, X 

halfword level 



% 



where AR, , 
i ndicates the 
left half of 
register AR. 



word. The left halfword is selected 



Programming Note : . Halfword memory operand selection for normal (not reversed) 
halfword address uses the LSB of the index register as shown below: 



1 

1 

■field ' 


Contents of 
Index Register 
; selected by T 


Halfword is 

selected from Central Memory 


0 


; None 


Left half 


1-7 


Even Value 


Left half 


1-7 


Odd Value 


l’ Right half 


8-F 


- 


1 Depends on LSB of index register 



contents specified by terminal 
indirect address 



Result code for load halfword instruction: The result code register is 

set according to the arithmetic value of the operand in the left half of 
the arithmetic register indicated by the R-field after the Toad operation 
is complete. The three allowable values of the result code are as follows: 



Contents of AR£h after load Result code (RL, RG, RE) 

Negative ( 1, 0, 0) 

Positive ( 0, 1, 0) 

Zero ( 0, 0, 1) 

Program Interruption : None 



Load Instructions 
Section B3 



29 




LOAD IMrCniATE HALFWORD (LIH) 



the least significant 16-bits 
of the iiTiiTieeiate operand is loaded 
into the left half of arithmetic 
register AR, The right half of 
register AR remains unchanged. 



Operation Code 
Type Foy-rnat 
Operand Format 
Type Addressing 
Symbolic Notation 



55 

i 

R, I, X 

Immediate 



16-31 



AR 



1h 



i. 



Programming liote : The combined M and N fields form the immediate operand 

for halTv/orci instructions. The MSB of the right half of the instruction 
vyord is the sign hit. Negative numbers av'e represented in 2's complement 
form. This Immediate operand can be modified by the right half of index 
register X. If X ^ 0, the index register specified by X is added to 
the halfV’/ord immediate operand. For this case, the 16th bit position 
of index register X is a sign bit. If X = 0, no modification occurs. 



0 


16 20 




31 




/////////// 


M 


N _ J 


IMMED 


0 


16 






31 


- t v\ 


V////////A 




1 (X) 



0 



16 * 
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n = IMMED + (X) 



Result code for load immediate halfword instructions : The result 

code register is set according to the arithmetic value of the 
operand in the left half of the arithmetic register indicated by 
the R-field after the load operation is complete. The three 



allowable values of the result code 

Contents of AR-j^ after load 

Negative 

Positive 

Zero 

Program Interruption : None. 



are as follows: 

Result Code (RL, RG, RE) 

( 1 , 0 , 0 ) 

(0. 1. 0) 

( 0 . 0 , 1 ) 
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LOAD MEMORY RIGHT HALFWORD INTO 
ARITHMETIC REGISTER RIGHT HALFWORD (LR) 



@ - N, X 
halfword 



For this instruction, the right 
half of a central memory or register 
whole word is selected when not indexed. 

If indexed, an even index value selects 
words from the right half of a central 
memory or register whole word. An odd 
index value addresses the left halfword 
of the next consecutive singleword. This 
convention is just opposite to that of the 
LH instruction previously described. The 
operand selected is entered into the right 

half of arithmetic register AR. The left half of register AR remains unchanged. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 

Symbolic Notation 



ID 

1 

R, 



“hr 

level reversed 
AR 



( ^ 



rh 



Programming Note : When an array is addressed consecutively by indexing with 

this instruction (or with LL), an even index value addresses the right half 
of a memory or register whole word as in the preceding paragraph. But, it 
should be noted that when this even index value is incremented by unity (form- 
ing an odd index value), the operand acquired by this instruction is from the 
left half of the next consecutive central memory or register whole word. 



T-field . 


Contents of 
Index Register 
selected by T 


Halfword is 
selected from 


(Reversed halfword 
addressing) • 


0 


None : 


Right half 




1-7 


Even Value 


Right half 




1-7 


Odd Value 


Left half of next 


consecutive singleword 


8-F 




Depends on index register contents specified by 
terminal indirect address 



Result code for load right halfword instruction : The result code register is 
set according to the arithmetic value of the operand in the right half of the 
arithmetic register indicated by the R-field after the load operation is com- 
plete. The three allowable values of the result code are as follows: 



Contents of AR^^after load 

Negative 

Positive 

Zero 

Program Interruption : None. 



Result Code (RL, RG, RE) 

( 1 , 0 , 0 ) 

( 0 , 1 . 0 ) 

' ( 0 . 0 , 1 ) 
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load hemory right halfword 

INTO ARITHMETIC REGISTER 
KFT ElALFWORD (LL) 

The menrory operand or register 
operand is selected as in an LR in- 
struction. The operand selected is 
entered into the left half of arith- 
metic register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 

Symbolic notation 



19 

1 

R, @ = N,X 
halfv'/ord 
‘level reversed 
Kr)“^AR^I^ 



Programming Note: See programming note under LR instruction. 

Result code for load left halfword instruction: The result code register is 

set~accwdi ng oo the ariTHmetfc \Talue of the operand in the left half of the 
arithmetic register indicated by the R-field after the load operation is com- 
plete, The three allowable values of the result code are as follows: 

Contents of AR-jj^ after load Result Code (RL, RG, RE) 

Negative (1, 0, 0) 

Positive (0, 1 , 0) 

Zero . (0, 0, 1) 

Program Interruption : None . 
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LOAD DOUBLEWORD (LD) 



The doubleword from location cd 
is entered into the doubleword 
register designated by the R-field. 



Operation Code 17 

Type Format 1 

Operand Format R, @ = N, X 

Type Addressing od, doubleword level 

Symbolic notation (ad) ARD 

where ARD denotes an arithmetic 
doubleword register from an even- 
odd address pair. 



Programming notes : Doublewords are restricted to even-odd memory 

address pairs and register address pairs. The index register is 
displaced one bit position to the left when addressing doublewords 
so that the doubleword in a data array is addressed by an index 
value equal to K, 



Result code for doubleword load : The result code register is set 

according to the arithmetic value of the doubleword operand in 
register ARD (composed of whole word registers AR and AR + l). The 
three allowable values of the result code are as follows: 



Contents of ARD after load 
flegati ve 
Positive 
Ze ro 



Result Code (RL, RG, RE) 

0 , 0 , 0 ) 

( 0 , 1 , 0 ) 

(0, 0, 1) 



Pi^gram Interruption: 



Specification error if R-field is odd. 
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..load maghitude fixed point (LM) 



Load register AR with the magnitude 
of the contents of address a. 



Operation Code 3C 

Type Format 1 

Operand Format R,© = N,X 

Type Addressing a, singleword 

Symbolic Notation 1(a) | -> AR 



level 




0 
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AR is loaded with the 2’s complement of (a) If (a) Is negative. 



Result code : Set according to the arithmetic value of the register 
operand after the operation is complete. The three allowable indicators 
are as follows: 



Contents of AR after load instruction 
Negative 
. Positive 



Result code (RL, RG, RE ) 
(1, 0, Q) 

(0, 1, 0) 



Zero 



(0, 0, 1) 



Program Interruption : Overflow is possible with this instruction. 

When the operand is the largest negative number, i.e., 8000 OOOOj^^^ 

overflow will result from complementing. The result in register 
AR will be 8000 0000^^^ 



34 . 




LOAD iiAGllITUDE FIXED POINT 
HALFWORD (LMfi) 



Load register vn'th the 

magnitude of the halfword contained 

in location a, . 

h 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbol ic Notation 

AR-jj^ is loaded 



3D 

1 

R,©= N, X 
ah halfword leve 

(ah)©AR-|h 

'ith the 2's 



complement of ('&) if (a) is 
negative. 



Proqranirning Note : The right halfword or left halfword source operand 

is selected according to the contents of the index register as in the 
LH instruction_ . 

Result code for load magnitude instruction : The result code register 

is set according to the arithmetic value of the operand in the left half 
of the arithmetic register indicated by the R-field after the load operation 
is complete. The three allowable values of the result code are as follows: 

Contents of AR^j^ after load Result Code (RL, RG, RE) 



Negative (1, 0, 0) 

Positive (0, 1 , 0) 

Zero (0, 0, 1) 

Program Interruption : Overflow is possible with this instruction. 

When the operand is the largest negative number, i.e., 8000^ 

overflow will result from comp lemen tiny . The result in register 
AR.|^ will be 8000^. 
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lOAC MGNITUOE FLOATING POINT (LMF) 



Load register AR with the magnitude 
of the contents of address a. 



Operation Code 3E 

Type Format 1 

Operand Format R,(a 

Type Addressing a. 
Symbolic Notation ] (a) | 



N.X 

singleword level 
AR 



Exp 



FRACTION 
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Exp 1 


Fraction 




0 


7 




31 



Result code for load magnitude instructions : The result code register 
is set according to the" arithmetic value of the operand in the register 
indicated by the R-field after the. load operation is complete. The two 
allovable values of the result code are as follows; 



Contents of AR after load 


Result Code 


Negative 


Not possible 


Positive 


0 1 


0 


Zero 


0 0 


1 



Program Interruption : None. 
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LOAD MAGNITUDE FLOATING POINT 
DOUBLEWORD (LMD) 

Load register ARD with the 
magnitude of the contents of 
doubleword address ad. 



Prograriminq Note : Doublewords are restricted to even-odd memory address 

pairs and register address pairs. ; 

Result code for doubleword load : The result code register is set 

according to the arithmetic value of the doubleword operand in 
register ARD (composed of whole word registers AR and AR + 1), The 
two allowable values of the result code are as follows: 

Contents of ARD after load Result Code (RL, RG, RE) 

Negative Not possible 

Positive (0,1,0) 

Zero (0, 0, 1) 

Program Interruption: Specification error if R-field is odd. 



Operation Code 3F 

Type Format 1 

Operand Format R, 0 = N, X 

Type Addressing ad, doubleword level 

Symbolic Notation l(a^)| .ARD 
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,uAH hegative word 
fixed point (LN) ' , 

Load register AR with the 
negative of the contents of 

address -a. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



30 

1 

R,@ = N,X 
a, singlevrord level 
•“(a) AR 



Program ming Note : Two's complement representation is used for 

ne^tu'e numbers in fixed point instructions. 



Result code for load negative instructions : The result code register 
Is set according to the arithmetic vafue o’f the operand in the register 
indicated by the R-field after the load operation is complete. The 
three allowable values of the result code are as follows: 



Contents of AR after load 



Result code (RL, RG, RE) 



Negative 

Positive 

Zero 



( 1 , 0 , 0 ) 
( 0 , 1 , 0 ) 
(0, 0, 1) 



, rogram Interruption : Overflow possible on LN. When the operand is 

the largest negative number, i.e., 8000 0000^^ overflow will result 

from complementing. The result in register R will be 8000 0000^. 
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LOAD NEGATIVE HALFWORD 
FIXED POINT (LNH) 



Load the left half of register AR 
with the negative of the contents of 
address aj^. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notati 



31 

1 

R, = N,X 
aj, , halfword level 



Programming Two's complement representation is used for negative 

numbers in fixed point instructions. The right halfword or left halfword 
source operand is selected according to the contents of the index register 
as in the LH instruction. 



Result code for load negative instructions : The result code register is 

set according to the arithmetic value of the operand in theieft half of the 
arithmetic register indicated by the R-field after the load operation is com- 
plete. The three allowable values of the result code are as follows: 



Contents of Af^^ after Load 

Negative 

Positive 

Zero 



Result code (RL, RG, RE ) 

n, 0, 0) 

(0, 1, 0) 

CO, 0, 1) 



Program Interruption: Overflow possible. When the operand 1s the 

largest negative number, i.e., 8000|_| overflow v/111 result from 

complementing. The result in register R will be 8000^. 
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LOAD NEGATIVE FLOATING- 
POINT WORD (LNF) 



Load register AR vnth the 
negative of the contents of 
address a. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation* 



32 

1 

R,® = M,X 
a, singleword level 
.(a) -> AR 



Programming Note : The negative form of floating point numbers involves 

a change of”sign only. 

Result code for load negative instruction s: The result code register 

is set according to the arithmetic value of the operand in the register 
indicated by the R-field after the load operation is complete. The 
three allowable values of the result code are as follows: 



Contents of AR after load Result code (RL, RG, RE ) 



Negative 


(1, 0, 


0) 




Positive 


(0, 1, 


0) 




Zero 


O 

o 


1) 




Program Interruption: None. 








LOAD NEGATIVE FLOATING 
POINT DOUBLEWORD (LND) 

Load doubleword register 
ARD with the negative of the 
contents of address 


Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 


33 

1 

,R,(D= N, X 
a., doubleword level 
~(a^ )■"-»- ARD 



Programming Note : The negative form of floating point numbers involves 

a change of sign only. Also, the R-field must be even, specifying an 
even-odd singleword register address pair. 

Result Code for Load Negative Doubleword : The result code register is 

set according to the arHhmetic value of the doubleword operand in 
register ARD (composedof whole word registers AR and AR + 1). The three 
allowable values of the result code are as follows: 

Contents of ARD after load Result code (RL, RG, RE) 

Negative 
Positive 
Zero 

Program Interruption ; Specification error if R-field is odd. 



(U 0, 0) 
(0, 1, 0) 
(0, 0, 1) 
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LOAD NEGATIVE MAGNITUDE 
FIXED POINT SINGLEWORD (LNM) 



Load register AR with the 
negative of the magnitude of (“). 



Operation code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



38 

1 

R,©- N, X 
ct, singleword 
-[(a)j'-^ AR 



Programming Note : Two's complement representation is used for negative 

numbers in fixed point instructions. 



Result code for load negativ e m agnitude i ns tructions : The result code 

register is set according to the arithmeric value of the operand in 
the register indicated by the R-field after the load operation is 
complete. The two allowable values of the result code are as follows: 

Contents of AR after load Result code (RL, R6, RE) 



Negative 

Positive 

Zero 

Program Interruption : None. 



( 1 . 0 , 0 ) 

Not possible 
( 0 , 0 . 1 ) 



level 
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uOAD NEGATIVE MAGNITUDE 
iiALFWORO FIXED POINT (LMMH) 



Load halfv/ord register AR Ih 
with the negative of the magnitude 
of (%)• 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



39 

1 

R,0= N, X 

0 ^ 3 , halfword level 



Programmit'ig Not es: Right halfword or left halfword from central memory 

or regTstcr file is selected according to the LSB of the index register 
specified by the T-field as in the LH instruction. Negative numbers are 
represented in two's complement notation. 

Result code for load ne g ative magnitude instructions : The result code 

register is set according to tlie arithmetic value of the operand in the 
left half of the. register indicated by the R-field after the load operation 
Is complete. The. two allowable values of the result code are as follows: 



Contents of ARnh after load 


Result code (RL, RG, RE) 


Negative 


O 

o 


Positive 


Not possible 


Zero 


o 

o 



Program Interruption : None. 
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LOAD NEGATIVE MAGNITUDE 
FLOATING POINT SINGLEWORD (LNMF) 



Load sing! 
with the negativ 
of (ot). 



f.'ord register AR 
of the magnitude 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



3A 

1 

R,(a)= N, X 
a, singleword level 
- ](«)|-^ AR 



Programming Note : I he negative form of floating point numbers involves 

a change of sign only. 

Result Code for Load Negative Magnitude Instructions : The result code 

register is set according to the arithmetic value of the operand 
in the register indicated by the R-field after the load operation 
is complete. The tv/o allowable values of the result code are as 
follows: 



Contents of AR after load Result code (RL^ R 6 , RE) 



Negative 


( 1 , 


0 

0 


Positive 


Not 


Possible 


Zero 


( 0 , 


0 , 1 ) 



Program Interruption : None. 



Load Instructions 43 
Section B3 




LOAD NEGATIVE MAGNITUDE 








DOUBLEWORD (LNMD) 




Operation Code 


3B 








Type Format 


1 




Load doubleword 


register ARD 


Operand Format 




' . X 


with the negative of 


the magnitude 


Type Addressing 


ad, 


•r'eKord level 


of (ad)‘. 




Symbolic Notation 


- |C<i' 


- ARD 



Progranraing Notes : The negative form of floating point numbers ir. : '.>es ' 

a change of sign only. Also, the R-field must be even, specifying 
an even-odd singleword register address pair. 



R esult Code for Load N egativ e Magnitude Instruct ion: Tfie result ccoc; "saister 

Ts set accordThg to tFe aritlimetfc value of the doUbleword operand - '•'egister 

ARD (composed of whole word registers AR and AR + 1). The two all le 
values of the result code are as follows: 



Contents of ARD after load 

Negative 

Positive 

Zero 



Result code (RL, Rl . f £ ) 

( 1 , 0 , 0 ) 

Not possible 

(0, 0, 1) 



Program Interruption : Specification error if R-field is odd. 




LOAD FILE (LF) 



The contents of central 
memory octet « are entered into 
the eight word register file 
designated by the R-field. 

There are six forms of the LF 
instruction having OP code IB. 

The distinction is made according to the contents of the R-fi 
OP code IB may be broken down as follows: 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



IB 

9 

M,0 N, X 
a , octet level 
(a)oct. RF 



eldt 



R-field 



Designation register file 

designated by R-field Hexadecimal locations 



XOOO 
XOOl 
XOlO 
XOll 
XI 00 
XlOl 
XI IX 



Base register file A 0-7 

Base register file B 8-F 

General arithmetic reg. file C 10-17 

General arithmetic reg. file D 18-lF 

Index register file X 20-27 

Vector register file V 28-2F 



No operation, no registers loaded 



Programming Notes : The three low order bits of a are ignored so that 
octet a means the octet in :j?hich word a is located. Also, if a ^ 2F 
and M = 0, then a references the register file which contains a . 

An R-field bit of X indicates that the bit is ignored (a don't care). 



Result code: Not affected. 



Program Interruption : None . 
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LOAD FILE HULTIPLE (LFM) 



The contents of six con- 
secutive memory octets starting 
with location a are entered into 
all six eight-word register files 
(A, Bj C, D, X, and V) in physical 
locations 1 through ?J (hexadecimal). 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



IF 

•3 

ot , octet level 
(ot)oct. all RF 



Programmi ng Note : The three low order bits of o, are ignored so that 

TccrtloT; « is on a full octet boundary. 



( a) no entry 
( a+ I)-"**- BR^ 

(a + 2) — BR 2 






■Base Register Files A and B 



(a + F) BR 



( ct AR/ 



( a + IF) -4* ARp 



^^Voeneral Register Files C and D 



{a + 20) XRq 

; : 

( ct + 27) — XRt 



Index Register File, X 



( a + 28) — ^ XRg 

• * Register File, V 

{ a + 2F) — ► XRp 



Result Code : Not affected. 

Program Interruptio n* Specification error if a - 2F and M = 0. 
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EXCHANGE WORDS (XCH) 

An exchange instruction stores 
the contents of arithraetic register 
AR into location a and stores the 
previous contents of location a 
into register AR. It exchanges 
the contents of AR and a . 

Only a single length exchange 
instruction exists in the ASC. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



lA 

2 

R,(a) N, X 
“ , singleword level 
(AR) a 
( a ) -^ AR 



Programming Note : If a ^ 2F and M = 0, then two registers are 
exchanged. One is always an arithmetic register and the other may 
be selected from any register of the register file. 

Result Code : Not affected. 

Program Interruption : None. 
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LOAD ARITHMETIC 
DXEPTIOH MASK (LAM) 



Load bits 4 through 7 of 
the contents of location a into 
tl'.c four bit arithmetic excep- 
tion mask register. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 

Symbolic Notation 



12 

8 

(a) = N, X 
a , singlev'/ord level 



•'.ASKABLE 



AE CO NDITIONS : 



Floating point underflow 
Floating point overflow 
Fixed point overflow 
Divide check 

MASK REGISTER 











MD 


MF 


MO 


MU 



An interrupt signal from the CP to the PP will become true if an 
. arithmetic exception is detected and the mask bit corresponding to 
that arithmetic exception has been set to a "one". 

1 . — masked ON ^ interrupt possible 
0 ^ masked OFF ^ no interrupt possible 



Programming Note : Address a may address the base or index registers 

which may contain a mask stored from a previous BLB or BLX instruction. 
The R-field is not used. 



Result Code : Not affected. 

AE Condition Code : Not affected. 

Prog r am Interrupt ion: Alteration of the AE mask register will cause an 

arTtTimetic excepfion program interruption if the corresponding bits of the AE 
condition register and AE mask register are both "cne" after the LAM instruc- 
tion is completed. 
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LOAD ARITHMETIC 
EXCEPTION CONDITION (LAC) 



Load bits 0 through 3 of 
the contents of location « 
into the four bit arithmetic 
exception condition code 
register. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



13 

a 

■ 0 = N, X 
a , singleword level 
( a -> aE Cond. 



AE CONDITION REGISTER 



D 


F 


0 


U 


0 


1 


2 


CO 



D - Divide check 

F - Fixed point overflow 

0 - Floating point overflow 

U - Floating point underflow 

Bit (D,F,0,U) zero, indicates no arithmetic 
exception condition. 

Bit (D,F,0 or U) equal one, indicates an active 
AE condition. 

Programming Note : Address a may address the base or index registers 

which may contain an arithmetic exception condition code stored from 
a previous BLB or BLX instruction. The R-field is not used. 



Result Code ; Not affected. 

AE Condition Code : Changed to the state of (a )q _2 



Program Interruption : Alteration of the AE condition register will cause 
an arithmetic exception program interruption if the corresponding bits of the 
AE condition register and AE mask register are both "one" after the LAC 
Instruction is completed. 
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load look ahead (LLA) 



Tnis instruction provides 
the instruction look-ahead unit 
in the CP control hardware with 
advance address information re- 
lating" to a subsequent Branch 
instruction for which it is known 
that the branch path will normally 
be taken. The LLA instruction does not influence the decision that is 
made by a Branch instruction, it only increases the execution speed of 
6 dosed instruction loop. 

The LLA instruction loads the 8 least significant bits (bit positions 
24 through 31 ) of the N-field of this instruction into the branch counter 
(BC) internal to the CP control. Also, the program counter (PC) is entered 
into the branch address register (BR) internal to the CP control . These 
internal registers (BC and BR) are not addressable by CP program. 

Programming Notes : The value, N, which is entered into the branch counter 

should be equal to the difference of instruction locations between this 
Load Look-Ahead instruction and tne Branch instruction for which the LLA 
is intended. For example, if the LLA instruction is stored in location 401 
and the Branch instruction is stored in location 429, then the value of N 
should be equal to 28. If any other Branch instructions occur between 
these locations and if one of the branch paths is taken , then the informa- 
tion in the branch look-ahead hardware wi 1 1 be di carded . Such intermediate 
Branch instructions proceed normally when the branch paths are not taken 
and the look-ahead information remains current while the branch counter 
continues its count down . Regardless of whether or not an intermediate 
Skip instruction results in the skip being taken, the computation to 
determine the value for N should include both the skip instruction and 
the instruction following the Skip instruction. 

The maximum applicable loop size is 255 instructions including the LLA 
Instruction. The LLA instruction must be included at the top of the 
program loop so that the branch counter and branch address register can 
be re-initialized each time the program returns to the top of the loop. 

The R-fleld is not used. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



16 

10 

I 

Immedi ate 

^'*24-31 
(PC) BR 



BC 



Result Code : Not affected. 

Program Interruption : None, 
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LOAD ONE'S COMPLEMENT (LO) 



The one's complement of 
location a is entered into 
arithmetic register AR. Bit 
positions vnth I's in (a) 
are loaded as O's in AR and, 
vice versa. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



IE 

1 

R,<a) = N, X 
g , singleword level 

(»■). ^ ARj 

whgre j ranges fron 
0 through 31 



Result Code for Load One's Complement Instruction : The result code 

register is set according to the arithmetic value of the operand in 
the register indicated by the AR field after the load operation 
is complete. The three allowable values of the result code are 
as follows; 

Contents of AR after load 



Negative 

Positive 

Zero 

Program Interruption: None. 



Result Code 
(RL, RG, RE) 
(1, 0, 0) 

( 0 , 1 , 0 ) 

( 0 . 0 , 1 ) 
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Duplicate of pg 5 1 




STORE HALFWORD (STH) 



The contents of the left 
half of arithmetic register AR 
is stored into halfword locationt^j,. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



25 

2 

R,(a) N, X 
ah, halfword level 
(ARih) 



Pr ogram ming Note : represents an address for which displacemetit 

indexing is used and as such denotes the proper halfword address. 

In particular, an odd index value selects the least significant half 
(right half) of a singleword location. An even index value addresses 
the left halfword of a singleword location. The left half word is 
selected when not indexed. 



•No index or 
even index 
value. 



Odd index 
value. 



AR 



Ih 



ignored 



loc 



15 16 



31 




i gnored 



— loc 



0 15 16 31 



a 

S 



entered here 
(“h) 


unchanged 


0 15 16 31 


unchanged 


entered here 
(ah) 



0 15 16 31 



Result Code for Store Halfword Instruction : The result code register is 

set according to the arithmetic value of the operand in halfword location ah 
after the store operation is complete. The three al lovable values 
of the result code are as follows: 

Contents of address ah after store Result code 

(RL, RG, RE) 



Negative 

Positive 

Zero 



( 1 , 0 , 0 ) 
( 0 . 1 , 0 ) 
( 0 . 0 , 1 ) 



Program Interruption : None . 
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STORE ARITHMETIC REGISTER 
flALFWORU INTO RIGHT HALFWORD (STR) 



OpGration Code 
Type - Fonrat 
Operand Format 
Type Addressing 



2D 

2 

R, 0 
“hr’ 



Symbolic Notation 



(AR 



rh 



N, X 

hal fv'/ord 
reversed 

) 



a 



hr 



The right half of arithmetic 
register AR is stored into the 
right half of a singlev/ord 
location when not indexed. 

If indexed, an even index value selects the right half of a singleword 
location storage. An odd index value addresses the left halfword of 
the next consecutive singleword. This convention is reversed from normal ^ 
addressing. 



No index or 
even index 
value. 



Odd index 
value 




Proqrafiroinq Note: When an array is addressed consecutively by indexing 

with this Instruction (or with STL), an even index value addresses the 
right half of a singleword location as in the preceding paragraph, but 
when this even index value is incremented by unity (forming an odd index 
value), the register operand is entered into the left half of the next 
consecutive singleword location. 



Also, when < 5F (halfword address) and M = 0, then the operand is 
stored Into a halfword register using the same addressing convention 
as is used for memory . 



Result cod e for store instructions : The result code register is set. 

according to the arithmetic value of the operand in halfword location 
after the store operation is complete. The three allowable values 
or the result code are as follows: 

Contents of address after store Result code 

(RL, RG, RE) 

n, 0. 0) 

( 0 , 1 , 0 ) 

( 0 . 0 . 1 ) 

Program Interruption : None 



Negative 

Positive 

Zero 
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STORE ARITHMETIC 
REGISTER LEFT HALFWORD 
INTO RIGHT HALFWORD (STL) 

The left half of 
arithmetic register AR is 
stored into the right half 
of a singlevMord location 
when not indexed. If indexed, 
an even index value selects the right half of a singleword location for 
storage. An odd index value addresses the left halfword of the next con- 
secutive singleword. This convention is reversed from normal addressing. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 

Symbolic Notation 



29 

2 

R,(D N, X 
halfword 
reversed 
,) 



“hr* 

(AR 



Ih' 



hr 



No index 
or even 
index value. 



Odd index 
value. 



ARih 


i gnored 


0 


15 


16 


31 


ARih 


ignored 


0 


15 


16 


31 




Loc 

as+1 



unchanged 


entered here 
(Ml) 


0 15 16 31 


entered hen 
Lah} 


2 unchanged 



0 15 16 31 



Programming Note : See programming note under STR instruction. 



Result code for Store Instructions: The result code register is set 

according to the arithmetic value of the operand in the central memory 
address, au , after the store operation is complete. The three allowable 
values of che result code are as follows: 

Contents of address a[^ fiftpr ctny-p Result code 

( RL , rg”. Re ) 

( 1 , 0 , 0 ) 

(0, 1, 0) 

( 0 , 0 , 1 ) 

Program Interruption : None. 



Negative 

Positive 

Zero 
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STORE DOUBLEWORD (STD) 


Operation Code 


27 




Type Format 


2 


The contents of the 


Operand Format 


R><D N, X 


doubleword register ARD is 


Type Addressing 


a,, doubleword level 


stored into the doubleword 


Symbolic Notation 


(ARD)-^ a 


location specified by a.. 




U 



Programming Note : Doubleword registers and doubleword locations are 

restricted to even-odd singlev^ord address pairs. 

R esult co de for store instruct ions: The result code register is set 

according to the aritiimetic vaTue of the operand in location aj after 
the store operation is complete. The three allowable values or the 
result code are as follov'/s: 

Contents of address «d after store Result code 

(RL, R6, RE) 

Negative (1, 0, 0) 

Positive (0, 1, 0) 

Zero (0, 0, 1) 

Program Interruption : Possible specification error if R is odd. 
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STORE PROGRAM STATUS WORD (SPS) 



The full program status 
doubleword (64 bits) is stored 
in central memory only on special 
signal from the PPU. This instruc- 
tion (SPS) stores only the first 
half (32 bits) of the doubleword. 

The last half of the program status 
doubleword is stored into singleword 
the MEM USAGE, BSR, CC and RC status 
the- format; 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



22 

3 

@N, X 

a , singleword level 
PSW a 



location a . This instruction stores 
information into memory according to 



Loc . a 



0 16 20 24 28 31 



Not Used 
(Zero) 


CP 1 

MEM. 1 
USAGE 1 


BSR 


CC 


RC 



where MEM USAGE refers to Central Memory Usage information. 

BSR refers to the Branch or Skip condition register. 

CC refers to, the Condition Code. 

RC refers to the.R.esult Code. 

See Program Status Doubleword for more detailed information 
on the meaning of these bit designations. 

Programming Note : The R-field is not used. 



Result Code: Unaffected. 






Program Interruption: None. 






STORE ZERO IN WORD (STZ) 


Operation Code 


20 


Zero is stored into 


Type Format 


3 


location a. The R-field 


Operand Format 


0N, X 


is not used. 


Type Addressing 


a , singleword leve 


i Symbolic Notation 


0 -> a 



Result Code Setting for Store Zero Instructions: The result code is 

set only to the value: (RL, RG, RE) = (0, 0, 1) . 

Program Interruption : None . 
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STORE ZERO IN 
HALFWORD (STZH) 



Zero is stored into 
location The R-f1eld is not 
used. Displacement indexing 
selects normal hslfv\'ord 
addresses ,i .e. , left halfwords 
are selected when the index 
value is even. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



21 

3 

(a)N, X 

, halfword level 



Result Code Setting fo r S tore Zer o I nstructio ns : The result code is 

set only to~The value; [RL, RG, RE) = (0, 0, 1 ) . 



Program Interruption : None. 



STORE ZERO IN 
DOUBLEWORD (STZD) 

Zero is stored into 
location oj. The R-field 
is not usea. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic notation 



23 

3 

(DN. X 

a., doubleword level 



Result Code Setting for Store Zero Instructions : The result code is set 

only to the value: (RL, RG, RE) = (0, 0, 1). 



Program Interruption : None. 
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STORE NEGATIVE FIXED 
POINT SINGLEWORD (STN) 

Store the negative of 
the contents of singleword 
arithmetic register AR into 
location a. The 2's complement 
of the value in AR is stored. 



Operation Code 


34 


Type Format 


2 


Operand Format 


R, 0 N, X 


Type Addressing 


a , sinqleword level 


Symbolic Notation 


- (AR) a 






Result Code Se tting for Store Nega tiv e Instructio ns: The result code 
is set accdrHThg to the arithmetic value in location “ after the store 
is complete. The three possible values of the result code are: 

Contents of g after store Result Code (RL, RG, RE) 

Zero (0, 0, 1 ) 

Positive (0, 1 , 0) 

Negative (1, 0, 0) 



Program Interruption : Fixed point overflow will occur if the 

arithmetic register contains the largest negative value (8000 0000)i^gx 

The result stored into location a is (8000 0000). if the largest 
negative value is stored, ^ 
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STO?'!' Ii'EGATIVE 

nxto POINT HALFWORD (STNH) 



Store the negative of the 
ronlents of the left half of 
arithmetic register AR into 
halfv.ord location The 2's 

co.mploment of the halfword value 
is stored. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



35 

2 

a- , halfword level 
-"(AR,^) * „„ 



Resu lt Code Setting for Store Negative Instructions : The result code is 

setliccording to the arithmetic value in "halfword location after the 
store is complete. The three possible values of the result code are: 

Contents of api after store Result code (RL, RG> RE) 

Zero (0, 0, 1 ) 

. Positive (0, 1 , 0) 

Negative (1> 0, 0) 



Prog ram Inter r uption : Fixed point overflow will occur if the arithmetic 

register contains the largest negative value (8000). . The result stored 

in location a is (8000)^ if the largest negative^®’^ value is stored. 



STORE NEGATIVE FLOATING 
POINT SINGLEWORD (STNF) 

Store the negative of the 
contents of singleword arithmetic 
register AR into location a. 

This involves a change of sign 
in floating point . epresentation. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



36 

2 

R,(a) N, X 
a , Singleword le 
— (AR) a 



Result Code Setting for Store Negative Instructions : The result code is 
set according to the arithmetic value in location a after the store is 
complete. The three possible values of the result code are: 

Contents of ® after store Result Code (RL, RG, RE) 



Zero 

Positive 

Negative 



( 0 , 0 , 1 ) 
( 0 . 1 . 0 ) 
( 1 , 0 , 0 ) 



Program Interruption: None. 




STORE NEGATIVE FLOATING 
POINT DOUBLEWORD (STND) 



Store the negative of the 
contents of doubleword arithmetic 
register ARD into location a^. 
This involves a change of sign 
in floating point representation. 



Operation Code 


37 


Type Format 


2 


Operand Format 


R,(D N, X 


Type Addressing 


a,j. Doubleword 


Symbolic Notation 


"‘—(ARD) ->■ o<j 



Result Code Setting for Store Negative Instructions. The result code is 
seFaccording”to'The arithmetic value in doubleword' location a. after the 
store is complete. The three possible values of the result code are: 



Contents of an after store 
Zero 

Positive 

Negative 



Result Code (RL, RG, RE ) 

( 0 . 0 . 1 ) 

(0, 1, 0) 

(1, 0, 0) 



Program Interruption : Specification error if R- field is odd. 



STORE ONE'S COMPLEMENT 
SINGLEWORD (STO) 

Store the one's complement of 
the contents of singleword arithmetic 
register AR into location a. Zero 
bits in AR are stored as ones in a 
and vice versa. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



2E 

2 

R,@ N, X 

a , singleword level 

(Wj - . j 

for j range 0 thru 3 



Result Code Setting for Store One's Complement : The result code is set., 

according to the arithmetic value in singleword location a after the 
store is complete. The three possible values of the result code are: 



Contents of « after store 
Zero 

Positive 

Negative 



Result Code (RL, RG, RE ) 

(0, 0, 1) 

(0, 1,0) 

0 . 0 , 0 ) 



Program Interruption : None. 
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STORE ONE'S COMPLEMENT 
HALFWORD (STOH) 



Store the one's complement 
of the contents of the left half 
of arithmetic register AR into 
halfword location cxj^. Zero bits 
in AR|j^ are stored as ones in a 
and vice versa.' 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



2A 

2 

R,(a) N, X 
cjuJa^Jfword level 
(AR-,h)j ahj 
for j range 0 thru 15 



Result Code Setting for Store One's Complement : The result code is set 

according to’ the arithmetic value in halfwm'd location a}, after the 
store is complete. The three possible values of the result code are: 

Contents of ah after store Result Code (RL, RG, RE) 



Zero 

Positive 

Negative 



(0, 0, 1) 
(0, 1, 0) 
( 1 , 0 , 0 ) 



Program Interruption : None. 
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STORE REGISTER FILE (STF) 



The contents of eight 
consecutive registers, from 
the register file designated 
by the R-field, are stored 
into central memory octet a 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



2B 

9 

M,(DN,X 
ct , octet level 
RF a octet 



Source Register File 
R-field Designated by the R-Field 



Hexadecimal Location in 
Register File 



XOOO Base register File A 

XOOl Base register File B 

XOlO Arithmetic register File C 

XOll Arithmetic register File D 

XI 00 Index Register File X 

XI 01 Vector File V 

XI IX Octet of zeros 



0-7 

8-F 

10-17 

18-lF 

20-27 

28-2F 



Programming Notes : The three least significant bits of singleword address a 

are ignored when an octet referenced is the one which contains singleword 
address a . 



Also, if a <2F and M = 0, then a references an octet of the register 
file. Register files may be moved or loaded with an octet of zeros 
by using such an address with an R-field value of 6 or 7. 

Result Code : Not affected. 

Program Interruption: None. 
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STORE REGISTER FILES 
MULTIPLE (STEM) 



The contents of six con- 
secutive register octets (reg- 
ister files A, B, C, D, X, and 
V) are stored into six consecutive 
memory octets starting with lo- 
cation a. 



Ope rati or! Code 
Type Format 
Operand Format 
Type Addressing 
Sytp.bolic Notation 



2F 

S N, X 
a , octet level 
All RF-^a(6 octets) 



Zero 


^ Ct 








(B,) 




a 


+ 1 




1 








STORE 


(BP 




a 


+ 2 ; 


^ BASE 








tt 

• 


REGISTER 








« 


FILES A & B 


(Bp) 




a 


+ L 




(Ao) 




a 


+ 10 




(A^) 




a 


+ 11 


STORE 








4 


y. - ARITHMETIC 


• 






4 


REGISTER 








% 


. 


(Ap) 




a 


+ IF 


FILES C & D 


(Xq) 




a 


+ 20 


STORE 


« 






• 


INDEX 


♦ 






i 


Y - REGISTER 


• 






• 


FILE.X 


(xp 




a 


+ 27 




(vp 


->• 


a 


+ 28" 


STORE 


% 






' * 


VECTOR REGISTER 


• 








^ * ■ FILE, V 


• 






• 




(Vy) 


->• 


a 


+ 2F 





Programmin g Note: If ct£2F and M = 0, then an illegal operation is specified. 

This results In program interruption. 

Result Code ; Not affected. 

Program Interruption : Specification error if a f 2F and M = 0. 
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ARITHMETIC INSTRUCTIONS 



ADD WORD (A) 

The four forms of the add word 
instruction indicated by OP codes 
are listed as foUov/s: 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



40, 60, 62 

1 



R,(a)= N, X 
a, singleword 
(R) + (a) P 



’ Code 


R-Field 


Register Involved 


40 


AR 


Arithmetic 


60 


BR 


Base 


62 


Range 0 thru 7 
addresses XR 
0 thru 7. 


Index 


62 


Range 8 thru F 
addresses VR 


Vector 




0 thru 7. 





OP Code 40 - The whole word fixed point value in location a is added 
to arithmetic register AR specified by the R-field. Location ct 
may be in central memory or in one of the registers of the register 
file. The result is stored into arithmetic register AR. 

OP Code 60 : Add the whole word contents of location « to the contents 

of base register BR, specified by the R-field, and store the result into 
base register BR. 



OP Code 62 - Add the whole word contents of location a to the contents 
of index or vector register XR or VR, specified by the R-field and store 
the result into index or vector register XR or VR. 

Index register if 0 - R ~ 7 
Vector register if 8 6 R f F. 

Result Code Setting : The result code is set according to the result of 

the operation as fol 1 ows : 



Arithmetic Operation Result Result Code (RL, RG, RE) 



(R) ^ 0 
(R) ^ 0 
(R) -- 0 



( 1 . 0 , 0 ) 
( 0 , 1 . 0 ) 
(0, 0, 1) 



Program Interruption: Fixed point overflow is possible. 



level 
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add word immediate (AI) 

The four forms of the 
add v^ord immediate instruction 
indicated by OP codes are listed 
as f ol 1 ows : 



Operation Code 
Type Fermat 
Operand Format 
Type Addressing 
Symbolic Notation 



50, 70, 72 
4 

R, I, X 
Immediate 
(R) + n R 



OP Code 



R-Field 



Regis ter Involved 



50 

70 



AR 


Arithmetic 


BR 


Base 



72 Range 0 thru 7 Index 

addresses XR 
,0 thru 7. 

72 Range 8 thru F Vector 

addresses VR 
0 thru 7. 



OP Code 50 - Add the singleword arithmetic immediate operand to the contents 
of^rTthiietic register AR, specified by the R-field, and store the result 
into arithmetic regi ster AR. 

OP^Code 70 - Add the singleword arithmetic immediate operand to base register 
Bk, specified by the R-field, and store the result into base register BR. 

OP Code 72 - Add the singleword arithmetic immediate operand to the index 
or ve’etor register specified by the R-field, and store the result into 
index or vector register XR or VR. 

Result Code Settin g: The result code is set according to the result of 

the operation as follows: 

Arithmetic Operation Result Result Code (RL, RG, RE ) 

(R) ^ 0 ' (1. 0, 0) 

(R) > 0 (0. 1, 0) 

(R) - 0 (0, 0, 1) 

Program Interruption : Fixed point overflow is possible. 
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ADD HALFWORD (AH) 



The halfword fixed point 
value in location is added to the 
left half of singleword arithmetic 
register AR specified by the R-Field. 
The result is stored into the left 
half of arithmetic register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



41 

1 

R,(a)= N, X 

«h, halfword level 

(ARih) + (ah)-*^AR^^ 



Programming Notes : Halfword fixed point arithmetic operations acquire 

the register operand from the left half of arithmetic register AR. The 
second' operand is a halfword from location ah where ah specifies a halfword, 
address by normal displacement indexing. The result of a halfword arithmetic 
operation is stored into the left half of arithmetic register AR. 

Location may be in central memory or in the register file. If ah - 

and M = 0, then addresses one of the 96 (decimal) halfword registers 
of the register file. • 

Result Code Setting : The result code is set according to the result of 

the operation as follows; 

Arithmetic Operation Result Result Code (RL, RG, RE) 

( AR ^^).<0 ( 1 , 0 , 0 ) 

(AR^j^)V 0 (0, 1, 0) 

(AR ^^)=0 ( 0 , 0 , 1 ) 

Program Interruption : Fixed point overflow is possible. 
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ADD HALFWORD IMMEDIATE (AIH) 

The halfword immediate operand 
is added to the left half of single- 
word arithmetic v'egister AR specified 
by the R-field. The result is stored 
into the left half of register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 
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4 

R, I, X 

Immediate 

(AR^^) + n -V AR.j(^ 



Programming Notes : The combined M&N fields form the immediate (IMMED) 

operand for halfword instructions. The MSB of the M-field is tlie sign 
bit. This immediate operand can still employ the indexing option to 
effect an operand modification, of the form IMMED + (X), where IMMED is 
defined above. 



Result Code Setting : The result code is set according to the result of 

the operation as follows: 



Arithmetic Operation Result 

; (R) ^ 0 
(R) 7 0 
(R) 0 



Result Code (RL, RG, RE ) 

( 1 , 0 , 0 ) 

( 0 . 1 , 0 ) 

(0, 0, 1) 



Program Interruption : Fixed point overflow is possible. 



ADD FLOATING POINT WORD (AF) 

The singleword floating point 
operand in location a is added to 
arithmetic register AR specified 
by the R-field. The result is 
stored into register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 
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1 

R,L^- N, X 
a singleword level 
(AR) + (a) -#■ AR 



Programming Note : Floating point inputs must be hexadecimal ly normalized. 



Result Code Setting : The result code is set according to the result of the 

operation as foTTows: 



Arithmetic Operation Result Result Code (RL, RG, RE) 

(R) ^0 (1, 0, 0) 

(R) > 0 (0, 1, 0) 

(R) =0 (0, 0, 1) 

Program Interruption : Floating point overflow and underflow are possible. 
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ADD FLOATING POINT DOUBLEWORD (AFD) 



The doubleword floatinq point 
operand in location °d is added to 
arithmetic register ARD specified 
by the even R-field value. The 
result is stored into doublev/ord 
register ARD. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 
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1 

R,(a)= N, X 

od, doubleword levei 

(ARD) + (oy)--^AR0 



Programming Notes: Doublevjord floating point arithmetic operations involve 
tv.'o doubleword operands. One operand is from registers AR and AR + 1 , 
considered as a 64-bit floating point number, where AR + 1 contains the 
low order bits of the number. The other operand (memory operand) is a 
doublevrard fv’om singlev/ord memory locations a and a + 1. The result is 
stored into registers AR and AR + 1 , where the R-field ranges from 0 
through E (hexadecimal). Only even-odd register address pairs and memory 
address pairs are permissible for doubleword operations. 

Floating point inputs must be hexadecimal ly normalized. 

Result Code Setting : The result code is set according to the result 

of the operation as follows: 

Arithmetic Operation Result Result Code (RL, RG, RE) 

(R) ^ 0 (1, 0, 0) 

(R) >-0 (0, 1, 0) 

(R) = 0 (0, 0, 1) 



Program Interruption: Floating point overflow and underflow are possible. 

Program specification error if R-field is odd. 
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ADD MAGNITUDE FIXED POINT WORD (AM) 



The magnitude of the singleword 
fixed point value in location a 
is added to the arithmetic register 
specified by the R-field. The result 
is stored into arithmetic register 
AR designated by the R-fie1d. 

Result Code Setting : The result code (RL, RG, RE) is set according to 

the result of the operation as follov/s: 

(AR) <0 (1, 0, 0) 

(AR) >0 (0, 1, 0) 

(AR) = 0 (0, 0, 1) 

Progr am Inte rruption : Overflow is possible. Special cases are shown below 

wRen the operand from Central Memory is the largest negative value. Fixed 
point overflow is possible when (a) is not the largest negative value and (AR) is 
positive. 



Operation Code 44 

Type Format 1 

Operand Format R>(a)= N, X 

Type Addressing a , singleword 
Symbolic Notation (AR) + |(a))— p>AR 



Value 
of (AR) 


Value 
of ( a) 


Result of 
(AR) + i(a)i 


Result Code 
Setting 


Fixed Po 
Overfl 


Zero 


8000 0000 


(AR) + 8000’. 0000 


Negative 


Yes 


Positive 


8000 0000 


(AR) + 8000 0000 


Negative 


Yes 


Negative 


8000 0000 


(AR) + 8000 0000 


Positive 


No 
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ADD MAGNITUDE FIXED 
POINT HALFWORD (AMH) 

The magnitude of the fixed 
point value in halfword location 
is added to the left half of 
singleword arithmetic register 
AR specified by the R-field. The 
result is stored into the left 
half of whole word arithmetic 
register AR designated by the 
R-field. 



Operation Code 
Type Format 
Operand Foniiat 
Type Addressing 
Symbolic Notation 
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1 

R,(|)= N, X 
ah, naif word 
(AR„) 



|(0h)|- 



Result Code Setting : The result code (RL, RG, RE) is set according to the 

halfword result of the operation as follows: 



(AR^^) <0 (1, 0, 0) 

(AR^j^) >0 (0, 1, 0) 

(AR^^) 0 (0, 0, 1) 



I nterruption : Overflow is possible. Special cases are shown below 

Memory is the largest negative value. Fixed 
point overflow is possible when (a) is not the largest negative value and 
IS positive. 



Value 


Value 


Result 


of (AR^^) 


of ( ah) 


(AR^h^ + 


Zero 


8000 


(AR,h> + 


Positive 


8000 


(AR,h) * 


Negative 


8000 


(AR,h> + 



of 

|( c»h^l 


Result Code 
Setting 


Fixed Point 
Overflow 


8000 


Negative 


Yes 


8000 


Negative 


Yes 


8000 


Positive 


No 



> AR 



Arithmetic Instructions 71 
Section B3 




f,I)D MAGNITUDE FLOATING 
POINT WORD (AMF) 



The magnitude of the singleword 
floating point value in location a 
ih added to arithmetic register AR 
specified by the R- field. The 
result is stored into arithmetic 
register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 
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1 

r,(D= n, X 
oi , singleword 
(AR) + (a ) -iJ>AR 



ProqrBmnii ng Note: Floating point inputs must be hexadecimally normalized. 

T».£Su'Tt"'Coc[eTeT.'f i ng : The result code (RL, RG, RE) is set according to 

the’ result of the o^peration as follows: 



im)< 0 ( 1 , 0 , 0 ) 

(AR) >0 (0, 1, 0) 

(AR) . 0 (0,0,1) 



Program Interruption : Floating point overflow is possible. 



ADD MAGNITUDE FLOATING 
POINT DOUBLEWORD (AMFD) 

The magnitude of the doubleword 
floating point value in location od is 
added to doubleword arithmetic register 
ARO specified by the even R- field value. 
The result is stored into doubleword 
arithmetic register ARD. Only even- 
odd register and memory address pairs 
may be used. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 
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1 

R,®= N, X 
cd, doubleword 
(ARD) + (a^*#ARD 



Programmi ng Note: Floating point inputs 

RgltilT Ct?de~'SFtt1 ng : Ihe result code (R 

the result of the operation as follows: 




t be.hexadecimally n 
6, RE) IS set accord 



orma 

ing 



^ized. 



(ard)-£::o (1.0,0) 



(ard):p-o (0,1,0) 

(ARD)=0 (0,0,1) 



Program Interruption : Floating point overflow is possible. Specification 

error if R-field is odd. 
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SUBTRACT WORD (S) 



The singleword fixed point value 
in location is subtracted from arith- 
metic register AR specified by the R- 
field. The result is stored into 
arithmetic register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 
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1 

N, X 

, singlev/ord 
(AR) - (a) ->AR 



Result Code Sett ing: The result code (RL, R6, RE) is set according to 

the result of the operation as follows: 

(AR) ^0 (1, 0, 0) 

(AR) >0 (0, 1, 0) 

(AR) rr 0 (0, 0, 1) 



Program Interruption : Fixed point overflow is possible. 



SUBTRACT WORD IMMEDIATE (SI) 

Subtract the singleword arithmetic 
immediate operand from the conte-nts 
of arithmetic register AR specified 
by the R-field. The result is stored 
into register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 
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4 

R, I, X 
Immediate 
(AR) - n -^AR 



Programming Note : For arithm.etic singleword immediate operand instructions, 

the sign bit is extended into the most significant half of the word. 

This immediate operand can still employ the indexing option to effect an 
operand modification of the form IMMED *1^ (X). 

Result Code Setting : Fixed point arithmetic instructions set the result 

code (RL, RG, RE) according to the result of the operation as follows: 

(AR) ^0 (1, 0, 0) 

(AR) ^0 (0, 1, 0) 

(AR) = 0 (0, 0, 1) 

Program Interruption : Fixed point overflow is possible. 
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SUBTRACT HALFWORD (SH) 



The halfvTOrd fixed point value 
in location ah is subtracted from the 
left half of arithnietic register AR 
specified by the R-field. The result 
is stored into the left half of 
register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 
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1 

N, X 
oh, halfword 



Resu lt Code S etting : The result code (RL, R6, RE) is set according to the 

result of the’ operation as follov«: 

(AR^^) ^ 0 0, 0, 0) 

(AR-,,^) 0 (0, 1, 0) 

(AR^^) = 0 (0, 0, 1) 

Pro gram Interruption : Fixed point overflow is possible. 



SUBTRACT HALFWORD IMMEDIATE (SIH) 

Subtract the halfword immediate 
operand from the contents of the left 
half of arithmetic register AR specified 
by the R-field. The result is stored 
into the left half of register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 
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4 



R, I, X 
Immediate 
(ARih) - n -> AR 



Ih 



Programming Note : The combined M&N fields form the immediate operand for 

halfword instructions. The MSB of the M-field is the sign bit. This 
immediate operand can still employ the indexing option to effect an 
operand modification of the form IMMED + (X). 



Result Code Setting : The result code (RL, RG, 

the result of the operation as follows: 

(ARiP 
(ARih) > 



(AR„) = 

Program Interruption : 



0 ( 1 . 0 , 0 ) 

0 (0, 1, 0) 

0 (0, 0, 1) 

Fixed point overflow is 



RE) is set according to 



possible. 
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SUBTRACT FLOATING POINT WORD (SF) 



The singleword floating point 
value in location a is subtracted 
from arithmetic register AR specified 
by the R--fieId. The result is stored 
into arithmetic register AR. 

Programming Note : Floating point inputs must be hexadecimal ly normalized. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



4A 

1 

R,(D= N, X 
a , singleword 
(AR) - C-a) ~^^R 



Result Code Setting : The result code (RL, R6, RE) is set according to the 

result of the operation as follows: 



AR ^ 0 (1,0, 0) 

AR > 0 (0. 1, 0) 

AR r 0 (0, 0, 1) 



Program Interruption : 



Floating point overflow and underflow are possible. 



SUBTRACT FLOATING POINT DOUBLEWORD (SFD) 

The doubleword floating point 
value in location is subtracted 
from arithmetic register ARD specified 
by the even R-field value. The result 
is stored into register ARD. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



4B 

1 

R,(D= N, X 
oy, doubleword 
(ARD) - (cd)->ARD 



Programming Note s: Double floating point arithmetic operations involve two 
doubleword bperarfds . One operand is from register AR and AR + 1 , considered 
as a 64-bit floating point number, where AR + 1 contains the low order bits 
of the number. The other operand is a doubleword from singleword locations. a 
and a + 1. The result is stored into registers AR and AR + 1, where AR ranges fr 
0 through E (hexadecimal). Only even-odd register address pairs and memory 
address pairs are permissible for doubleword operations. 

Floating point inputs must be hexadecimally normalized 

Result Code Setting: The result code (RL, RG, RE) is set according to the 

• result of the operation as follows: 

ARD <0 (1, 0, 0) 

ARD >0 (0, 1, 0) 

ARD - 0 (0, 0, 1) 



Program Interruption : Floating point overflow and underflow are possible. 

Specification error if R-field is odd. 
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JBTRACT MAGNITUDE FIXED 
POINT WORD (SM) 

The magnitude of the singleword 
fixed point value in location a is 
subtracted from arithmetic register AR 
specified by the R-field. The resul t 
is stored into arithmetic register AR. 

Programmin g Note : Fixed point magnitude involves taking the 2's complement 

TP the humlj’er is negative. 

Re sult C o de Setting : The result code (RL, RG, RE) is set according to 

the resuTt of the operation as follows: 

(AR) ^0 (1, 0, 0) 

(AR) >0 (0, 1, 0) 

(AR) = 0 (0, 0, 1) 

P rogram Interruption : Overflow is possible. Special cases are shown below 

when the operand from centra I memory is the largest negative value. . 



ialue of 


R0S 


ult of 


Result 


Fixed Point 


(AR) 


(AR) 


- 1(0)1 


• Code Setting 


Overflow 


Zero 


(AR) - 


8000 0000 


Negative 


No 


Positive 


(AR) - 


8000 0000 


Negative 


No 


Negative 


(AR) - 


8000 0000 


Positive 


Yes 



Also, fixed point overflow is possible when (a) is not the largest negative 
value and (AR) is negative. 



Operation Code 4C 

Type Format 1 

Operand Format R»(S))= N, X 

Type addressing a , singleword 
Symbolic Notation (AR) - j(a )\—^ AR 
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SUBSTRACT MAGNITUDE FIXED 
POINT HALFWORD (SMH) 



The magnitude of the halfword 
fixed point value in location ah 
is subtracted from the left half 
of singleword arithmetic register 
AR. The result is stored into 
the left half of register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



4D 

1 

R, 0 = N, X 
ah, halfv/ord 



(ARlh) - K»h)r AR,h 



Programming Note : See programming note under SM instruction. 



Result Code Setti ng: The result code (RL, RG, RE) is set according to 

the result of the operation as follows: 

( AR ^^)<10 ( 1 , 0 , 0 ) 

(AR^j^);7 0 (0,1,0) 

( AR ^^)“0 ( 0 , 0 , 1 ) 

Program Interruption : Overflow is possible. Special cases are shown 

below when the operand from central memory is the largest negative 
value. 



Value of 


Result of , 
(ARih) - l(«h)l 


Zero 


(Ar^j^) - 8000 


Positive 


(AR^j^) - 8000 


Negative 


(AR.j^) - 8000 



Result Code 
Setting 


Fixed Point 
Overflow 


Negative 


No 


Negative 


NO 


Positive 


YES 



Also, fixed point overflow is possible when (ah) is not the largest 
negative value and (AR) is negative. 
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SUBTRACT MAGNITUDE FLOATING 
POINT WORD (SMF) 



The magnitude of the single- 
word floating point value in location a 
is subtracted from arithmetic register 
AR specified by the R-field. The 
result is stored into register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



4E 

1 

R,d)= N, X 
a, singlev^ord 
(AR) - |(a )1-^AR 



Prograntninq Notes: Floating point magnitude involves changing the sign of 
the’* fraction if the number is negative. Floating point inputs must be hexa- 
decimally normalized. 

Result Co de Setting : The result code (RL, R6, RE) is set according to 

the risIFTt of the operation as follows: 

(AR) ^ 0 (1, 0. 0) 

(AR) > 0 (0, 1, 0) 

(AR) = 0 (0, 0, 1) 

Program Interruption ; Floating point underflow is possible. 



SUBTRACT MAGNITUDE FLOATING 
POINT DOUBLEWORD (SMFD) 

The magnitude of the double- 
word floating point value in location 
is subtracted from doubl ev/ord arith- 
metic register ARD specified by the 
even R-field value. The result is 
stored into doubleword register ARD. 



ad 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



4F 

1 

R,(D= N, X 
od, doubleword 
(ARD) - Kad)(->MD 



Programming Note: Floating point magnitude involves changing the sign of the 

fraction if the number is negative. 'Floating point inputs must be hexadecimally 
normalized. 

Result Code Setting : The result code (RL, R6, RE) is set according to the 

result of the operation as follows: 

(ARD),^ 0 (1,0, 0) 

{'ARD)c7 0 (0,1,0) 

(ARD) - 0 (0. 0. 1) 

Program Interruption : Floating point underflow is possible. 

Specification error if R-field is odd. 
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MULTIPLY WORD 
FIXED POINT WORD (M) 

The three forms of the M 
instruction, indicated by OP 
codes are listed in the following 
table: 



OP Code R-Field Register Addressed 



6C 


AR 


Arithmetic 


68 


BR 


Base 


6A 


Range 0 thru 7 
address R 0 thru 7 


Index 


6A 


Range 8 thru F 


Vector 



address VR 0 thru 7 

OP Code 6C : Multiple the contents of singleword arithmetic register AR 

by the contents of singleword location a . If the singleword register 
operand (AR) is selected from an. even register address, the full 64-bit 
signed integer product is stored into an even-odd address pair (registers 
AR and AR+1). If the singleword register operand is selected from an 
odd register address (R-field is odd), then the least significant 32-bits 
of the 64-bit signed integer-product is stored into the odd register 
address specified by R. 

if R is even 
if R is odd. 

OP Code 68 : Multiply the singleword contents of base register BR by the 

singleword contents of location a . The 32 least significant bits of the 
64-bit signed integer product are stored into base register BR. There is 
no product length option - 

(BR) * (as ) — ► BR for R even or odd. 

OP Code 6A : Multiply the singleword contents of index register XR or vector 

register VR by the singleword contents of location a - The 32 least signifi- 
cant bits of the 64-bit signed integer product are stored into index register 
XR or vector register VR. There is no product length option. 

(XR) * (as)-*XR for R range 0 thru 7. 

(VR) * (as) ~>VR for R range 8 thru F. 



(AR) * (as ) ARD 

(AR) * (a^ AR 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



6C, 68, 6A 
1 

R,(a)= N, X 
c^, sinqleword 
(R) * (os)-i^R 
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Result Code Setting : The result code (RL, R6, RE) is set according to 

the results of the operation as follows; 

(R) ^0 (1, 0. 0) 

(R) >0 (0. 1, 0) 

(R) = 0 (0, 0, 1) 

Program Interruption : Fixed point overflow is possible for OP code 6C 

wFen thie R-field is odd and the product cannot be expressed in 32-bits. 
Fixed point overflow is possible for OP codes 68 and 6A if the product 
cannot be expressed in 32-bits. Fixed point overflow is indicated if the 
33 most significant bits of the 64-bit product are not all zeros or not 
all ones. 
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MULTIPLY FIXED POINT 
WORD IMMEDIATE (MI) 



The three forms of the MI 
instruction, indicated by OP 
codes are as follov/s; 



Operation Code 7C, 78, 7A 

Type Format 4 

Operand Format R, I, X 

Type Addressing Immediate 

Symbolic Notation (R) * n R 



OP Code 


R-Field 


Register Addr 


7C 


AR 


Arithmetic 


78 


BR 


Base 


7A 


Range 0 thru 7 
addresses XR 0 thru 7 


Index 


7A 


Range 8 thru F 


Vector 



addresses VR 0 thru 7 



OP Code 7C : Multiply the contents of singleword arithmetic register AR 

by the singleword arithmetic immediate operand. If the singleword register 
operand (AR) is selected from an even register address, tiien the full 64-bit 
signed integer product is stored into an even-odd register address pair 
(registers AR and AR+1). If the singleword register operand is selected 
from an odd register address (R-field is odd), then the least significant 
32-bits of the 64-bit signed integer product is stored into the odd register 
address specified by R. 

(AR) * n — «► ARD if R is even 

(AR) * n AR is R is odd. 

OP Code 78 : Multiply the singleword contents of base register BR by the 

singlev/ord arithmetic immediate operand. The 32 least significant bits 
of the 64 bit signed integer product are stored into base register BR. 

There is no product length option 

(BR) * n -«► BR for R even or odd 

OP Code 7A : Multiply the singleword contents of index register XR or vector 

register VR by the singleword arithmetic immediate operand. The 32 least 
significant bits of the 64-bit signed integer product are stored into index 
register XR or vector register VR. There is no product length option. 

(XR) * n XR for R range 0 thru 7 

(VR) * n VR for R range 8 thru F. 
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Res ult Code Setting : The result code (RL, RG, RE) is set according to 

the results of th^ operation as follows: 

(R) ^ 0 (1, 0, 0) 

(R) >0 (0, 1, 0) 

(R) = 0 {0, 0, 1) 

Program Interruption : Fixed point overflow is possible for OP Code 7C 

when the P.-field is odd and the product cannot be expressed in 32-bits. 
Fixed point overflow is possible for OP codes 78 and 7A if the product 
cannot be expressed in 32-bits. 
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FIXED POINT MULTIPLV 
HALFWORD (MH) 



Multiply the contents of 
the left half of singleword 
arithmetic register AR by the 
operand from halfword location “h. 
The full 32-bit signed integer 
product is stored into singleword 
arithmetic register AR. There is no 
product length option. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



6D 

1 

R.(a)= N. X 
halfword 

(aR-]^,) * (ah) AR 



Result Code Setting : The result code (RL, RG, RE) is set according to the 

singleword result of the operation as follows; 

(AR) <0 (1, 0, 0) 

(AR) >0 (0, 1, 0) 

(AR) =0 (0, 0, 1) 

Program Interruption : None. 



MULTIPLY FIXED POINT 
HALFWORD IMMEDIATE (MIH) 

Multiply the contents of 
the left half of singleword 
arithmetic register AR by the 
halfword immediate operand. The 
full 32-bit signed integer 
product is stored into singleword 
arithmetic register AR. There is no 
product length option. 

Result Code Setting : The result code (RL, RG, RE) is set according to the 

singleword result of the operation as follows; 

(AR) ^ 0 (1, 0, 0) 

(AR) >0 (0, 1, 0) 

(AR) = 0 (0, 0. 1) 

Program Interruption : None. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



7D 

4 

R. I, X 
Immediate 
(AR^^) * n -frAR 
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MULTIPLY FLOATING 
POINT WORD (MF) 

Multiply the floating point 
contents of singlev,'ord arithmetic 
register AR by the contents of 
singleword location as. The 
singleword floating point product 
is stored into arithmetic register AR. 



Operation Code 
Type Fomat 
Operand Format 
Type Addressing 
Symbolic Notation 



6E 

1 

H, X 

as, singleword 
(AR) * (as) ->AR 



Result Code Setting : The result code (RL, RG, RE) is set according to the 

result of the operation as follows: 

(AR) 40 (1, 0, 0) 

(AR) >0 (0, 1, 0) 

(AR) = 0 (0, 0, 1) 

Program Interruption : Floating point overflow and underflow are possible. 



MULTIPLY FLOATING POINT 
DOUBLEWORD (MFD) 

Multiply the floating point 
contents of doubleword arithmetic , 
register ARD by the contents of 
doubleword location ad. The 
doubleword floating point product 
is stored into arithmetic register ARD. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



6F 

1 

R,CD= N, X 
an, doubleword 
(ARD) * (ad)-^ARD 



Result Code Setting : The result code (RL, RG, RE) is set according to the 

result of the operation as follows: 

(ARD) 40 (1, 0, 0) 

(ARD) >0 (0, 1, 0) 

(ARD) =0 (0, 0, 1): 

Program Interruption : Floating point overflow and underflow are possible. 

Specification error if R-field is odd. 
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DIVIDE FIXED POINT WORD (D) 



I Operation Code 64 

This division is of the form: ^ . 

aritfimetic register operand divided 
by location a Tiie fixed point dividend 
is from the register operand and the 
divison is a singleword from location as. 

If the dividend is selected from an 
even register address, then the dividend (a 64-bit signed integer^ is 
acquired from the even-odd register address pair AR and AR+1 . The 32-bit 
signed integer quotient is stored into the even register, AR. The odd 
register address, AR + 1, retains the low order 32-bits of the double 
length dividend. 



lype rormac 
Operand Format 
Type Addressing 
Symbolic Notation 



If the dividend is selected from' an odd register address, then the 
dividend (a 32-bit signed integer) is acquired from the odd register AR 
specified by R. The 32-bit signed integer quotient is stored into register AR, 

(ARD)/(a.s) — >-AR if R is even 

(AR)/(as) — ^ AR if R is odd. 

Result Code Setting : The result code (RL, RG, RE) is set according to the 

result of the operation as follows: 

(AR) 4 0 : (1, 0, 0) 

(AR) >0 (0, 1, 0) 

(AR) = 0 (0, 0, 1) 



Program Interruption : Fixed point overflow is indicated if the quotient 

cannot be expressed in 32-bits of register AR when the R-field is even.. 



Also, a fixed point Divide Check is indicated if the divisor is equal to 
zero. In either case, an AU result is stored into register AR. 
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DIVIDE FIXED POINT 
IMMEDIATE WORD (DI) 



Operation Code 
Type Format 
Operand Forn 15lt 
Type Addressing 
Symbolic Notation 



74 

4 

R, I, X 
Immediate 
(ARD)/n “4>AR 



This division is of the 
form; arithmetic register 
operand divided by the immediate 
operand. The fixed point dividend 
is from the register operand and 
the divisor is a singleword arith- 
metic immediate operand. If the 

dividend is selected from an even register address, then the dividend (a 64- 
bit signed integer) is acquired from the even-odd register address pair AR and 
AR + 1. The 32-bit signed integer quotient is stored into the even register 
address, AR. The odd register address, AR + 1 , retains the low order 32-bits 
of the double length dividend. If the dividend is selected from an odd 
register address, then the dividend (a 32-bit signed integer) is acquired 
from the odd register AR specified by R. The 32-bit signed integer quotient 
is stored into register AR. 



(ARD)/n-i*AR if R is even 

(AR)/n -i-AR if R is odd 



Result Code Setting : The result code (RL, R6, RE) is set according to the 

result of the operation as follows: 

(AR) 40 (1. 0, 0) 

(AR) >0 (0, 1, 0) 

(AR) =0 (0, 0, 1) 

Program Interruption : Fixed point overflow is indicated if the quotient 

cannot be expressed in 32-bits of register AR when the R-field is even. 
Also, a fixed point divide check is indicated if the divisor is equal to 
zero. In either case, an AU result is stored into register AR. 
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Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



65 

1 

R,0= N, X 
Or, halfword 
(AR)/(ah)-VAR 



DIVIDE FIXED POINT 
HALFWORD (DH) 

This division is of the form: 
arithmetic register operand divided 
by location ah. The fixed point 
dividend is a 32-bit signed integer 
from register AR and the division 
is a 16-bit signed integer from 

halfword location ah. A 16-bit signed integer quotient is formed in the 
left half of register AR. The right half of register AR retains the 16 low 
order bits of the dividend. 

Result Code Setting : The result code (RL, RG, RE) is set according to the 

result of the opera'tion as follows: 



Ih 



(AR^^) 4 0 
(AR^,^) > 0 
(AR^^) 



0 



(1, 0, 0) 
( 0 , 1 , 0 ) 
(0, 0, 1) 



Program Interruption : A fixed point overflow is indicated if the quotient 

cannot be expressed in 16 bits. A fixed point divide check is indicated if 
the divisor equals zero. In either case, an AU result is stored into the left 
naif of register AR. 

DIVIDE FIXED POINT 
HALFWORD IMMEDIATE (DIH) 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 
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4 

R, I, X ^ 
Immediate 
(AR)/n ->AR^^ 



This division is of the form: 
arithmetic register operand divided 
by the halfword immediate operand. 

The fixed point dividend is a 32-bit 
signed integer from register AR and 
the divisor is a 16-bit signed integer 

from the halfword immediate operand. A 16-bit signed integer quotient is 
formed in the left half of register AR^ The right half of register AR 
retains the 16 low order bits of the dividend. 



Result Code Setting : The result code (RL, RG, RE) is set according to 

the result of the operation as follows: 



(AR^^) < 0 


(1. 0, 0) 


(AR^^) > 0 


(0, 1, 0) 


(AR^^) = 0 


(0. 0, 1) 


Program Interruption: A fixed 
cannot be expressed in 16 bits, 
if the divisor equals zero. In 


point overflow is indicated if the quotient 
, A fixed point divide check is indicated 
either case, an AU result is stored into the 



left half of register AR. 



Arithmetic Instructions 87 
Section B3 




DIVIDE FLOATIIIG 
POINT WORD (OF) 



This division is of the form: 
arithmetic register operand divided 
by location «5. . The floating point 
dividend is from the singleword 
arithmetic register AR and the 
division is a singleword from 
location as. The floating point quotient 
stored into single'word register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



66 

1 

R, 0 = N, X 
as, singleword 
(AR) / (as) AR 



Programming Kote : Floating point division results in a quotient which is the 

same length’as "the dividend and divisor from which the quotient was obtained. 



Res ult Code Setting : The result code (RL, R6, RE) is set according to the result 

of the operation as follows; 



(AR)-^O (1, 0, 0) 

(AR)=='0 (0, 1, 0) 

(AR) = 0 (0, 0, 1) 



Program Interruption : Floating point exponent overflow or underflow is possible. 

Divide check and exponent overflow is indicated if the divisor equals zero. See 
the table of Infinite and indefinite forms (pages 13-16) for definitions of the 
register result following these program interruption conditions. 

DIVIDE FLOATING POINT 
DOUBLEWORD (&FD) 

This division is of the form 
arithmetic register operand divided 
by locationotd. The floating point 
dividend is from the doubleword 
arithmetic register ARD and the 
divisor is a doublev/ord from location ad. 

The floating point quotient is stored into doubleword register ARD. 



Operation Code 
Type Format 
Operand Format 
Type addressing 
Symbolic Notati on 



67 

1 

R, 0 = N, X . 
ad, doubleword 
(ABD) / (ad) ARD 



Programming fete : Floating point division results in a quotient which is the 

same length as the dividend and divisor from which the quotient was obtained. 

Result Code Setting : The result code (RL, RG, RE) is set according to the result 

of the operation as follows. 

(ARD)-«= 0 (1, 0, 0) 

(ARD) 5- 0 (0, 1, 0) 

(ARD)=0 (0,0,1) 



Program Interruption: Floating point exponent overflow or underflow is possible. 

Divide check and exponent overflow is indicated if the divisor equals zero. Spec- 
ification error if R-field is odd. See the table of infinite and indefinite forms 
for definitions of the register result following these program interruption con- 
ditions. 
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LOGICAL INSTRUCTIONS 



AND WORD (AND) 

A logical AND operation is 
applied at each bit position (j) 
of two operand singlev/ords . One 
operand is from arithmetic register 
AR and the other operand is from 
location a. The result is stored 
into register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



EO 
1 

R,(a)= N, X 
a, singleword 
(AR)j/\ (a)-^AR 

for j range 0 thru 3 



Result Code Setting: The result code (RL, RG, RE) is set after each 
TogTcaToperation according to the logical properties of the result 
as shown below. 



All bits are "zero" (0, 0, 1) 
All bits are "one" (0, 1, 0) 
Mixed "ones" and "zeros" (1, 0, 0) 



Program Interruption : None. 

AND WORD IMMEDIATE (ANDI) 

The logical AND operation 
is applied at each bit position (j) 
of two operand singlewords. One 
operand is from arithmetic register 
AR and the other operand is the 
singleword logical immediate 
operand. The result is stored into 
register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 

for j range 0 thru 31 



FO 

4 

R, I, X 

Immediate Logical 
(AR)j n 



Programming Note : Singleword logical immediate operands are formed from 

the combined M and N fields of the instruction word. Zeros are located 
in the left halfword and the M and N fields make up the right halfword. 
This immediate operand may be modified (prior to the logical operation) 
by adding to it, the 24 LSB's of an index register designated by the 
X-field. If X = 0, no modification occurs. 

Resul t Code Setting : The result code (Rl_, R6, RE) is set after each 

logical operation according to the logical properties of the result 
as shown below. 



All bits are "zero" (0, 0, 1) 
All bits are "one" (0, 1, 0) 
Mixed "ones" and "zeros" (1, 0, 0) 



Program Interruption : None. 
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OR WORD (OR) 



A logical OR operation is 
applied at each bit position (j) 
of two operand singlewords. One 
operand Is from arithmetic regis- 
ter AR and the otiier operand 
from location a. The result 
is stored into register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



E4 

1 

N. X 

a, singleword 

(AR)j-v (a)^.-vAR^ 

for j range 0 thru 31 



Result Code Setting : The result code (RL, RG, RE) is set after each 

logical operation according to the logical properties of the result 
as shov.'n below. 

All bits are "zero" (0, 0, 1) 

All bits are "one" (0, 1, 0) 

Mixed "ones" and "zeros" (1, 0, 0) 



Program Interruption : None . 



OR WORD IMMEDIATE (ORI) 

A logical OR operation is 
applied at each bit position (j) 
of two operand singlev/ords . One 
operand is from arithmetic regis- 
ter AR and the other operand is 
the singleword logical immediate 
operand. The result is stored 
into register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 

for j range 0 thru 31 



F4 

4 

R, I, X 

Immediate logical 
(AR) . vn. -^AR. 

vl J J 



Result Code Setting : The result code (RL, RG, RE) is set after each 

logical operation according to the logical, properties of the result 
as shoi'in below. 

All bits are "zero" (0, 0, 1) 

All bits are "one" (0, 1, 0) 

Mixed "ones" and "zeros" (1, 0, 0) 



Progragi Interruption ; None. 




EXCLUSIVE OR WORD (XOR) 



A logical EXCLUSIVE OR 
operation is applied at each 
bit position (j) of two 
operand singlev^/ords . One 
operand is from arithmetic^ 
register AR and the other 
operand is from location a. 
The result is stored into 
register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



E8 

1 

N, X 

a, sinqleword 
(AR) -0 (a) .--^AR. 

J J J 

for j range 0 thru 31 
^ 



Result Code Setting : The result code (RL, RG, RE) is set after each logical 

operation according to the logical properties of the result as shown below. 

All bits are "zero" (0, 0, 1) 

All bits are "one" (0, 1, 0) 

Mixed "ones" and "zeros" (1, 0, 0) 

Program Interruption : None 



EXCLUSIVE OR WORD IMMEDIATE (XORI) 

A logical EXCLUSIVE OR '• 
operation is applied at each 
bit position (j) of two 
operand singlewords. One 
operand is from arithmetic 
register AR and the other 
operand is the singleword 
logical immediate operand. 

The result is stored into register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



F8 

4 

R, I. X 

Immediate logical 
(AR)j0nj -^AR^. 

for j range 0 thru 31 



Result Code Setting : The result code (RL, RG, RE) is set after each logical 

operation according to the logical properties of the result as shown below. 

All bits are "zero" (0, 0, 1) 

All bits are "one" (0, 1, 0) 

Mixed "ones" and "zeros" (1, 0, 0) 

Program Interruption : None. 
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EQUIVALENCE WORD (EQC) 



A logical EQUIVALENCE opera- 
tion is applied at each bit posi- 
tion (j) of two operand single- 
v;ords. One operand is from 
arithmetic register AR and the 
other operand is from loca- 
tion ct. The result is stored 
into register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



EC 
1 

N, X 

CIS singleword 

(AR)j©(a)j'-t''ARj 

for j range 0 thru 31 



Result Cede Setting : The result code (RL, RG, RE) is set after each logical 

operation according to the logical properties of the result as shown below. 

All bits are "zero" (0, 0, 1) 

All bits are "one" (0, 1, 0) 

Mixed "ones" and "zeros" (1, 0, 0) 

Program Interruption : None. 



EQUIVALENCE WORD IMMEDIATE (EQCI) 

A logical EQUIVALENCE 
operation is applied at each 
bit position (j) of two operand 
singlewords. One operand is 
from arithmetic register AR 
and the other operand is the I 

singleword logical immediate operand. 
The result is stored into register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



FC 

4 

R, I. X • 
Immediate/logical 

for j range 0 thru 31 



Result Code Setting : The result code (RL, RG, RE) is set after each logical 

operation according to the logical properties of the result as shown below. 



All bits are "zero" 

All bits are "one" 

Mixed "ones" and "zeros" 

Program Interruption ; None. 



(0, 0, 1) 
( 0 , 1 , 0 ) 
d', 0, 0) 
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AND DOUBLEWORD (ANDD) 



A logical AND operation 
is applied at each bit position 
(j) of tv/o operand doublewords. 
One operand is from arithmetic 
register ARD and t!ie other 
operand is from location ad. 
The result is stored into 
register ARD. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



El 

1 

R, (a)= N, X 
od, doubleword 
(ARD)j A (ad)j--i^ARDj 

for.^‘ range 0 thru 63 



Result Code Setting : The result code (RL, RG, RE) is set after each logical 

operation according to the logical properties of the result as shown below. 

All bits are "zero" (0, 0, 1) 

All bits are "ones" (0, 1, 0) 

Mixed "ones" and "zeros" (1, 0, 0) 

Program Interruption : Specification error if R- field is odd. 



OR DOUBLEWORD (ORD) 

A logical OR operation 
is applied at each bit position 
(j) of tv^o operand doublewords. 

One operand is from arithmetic 
register ARD and the other 
operand is from location ad. 

The result is stored into 
register ARD. 

Result Code Setting : The result code (RL, RG, RE) is set after each logical 

operation according to the logical properties of the result as shown below. 

All bits are "zero" (0, 0, 1) 

All bits are "one" (0, 1, 0) 

Mixed "ones" and "zeros" (1, 0, 0) 

Program Interruption : Specification error if R-field is odd. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



E5 

1 

R,(D= N, X 

ad, doubleword 
(ARD) .V (ad) .-^ARD. 

vJ 0 

for j range 0 thru 63 
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EXCLUSIVE OR DOUBLEWORD (XORD) 

A logical EXCLUSIVE OR 
operation is applied at each 
bit position (j) of tv/o operand 
doublev/ords . One operand is 
from arithmetic register ARD 
and the otlier operand is from 
location ad. The result is 
stored into register ARD. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



E9 

1 

R,(a)= N, X 
cd, aoubleword 
(ARD)^.©(ad)j'^ARDj 

for j range 0 thru 63 



Result Code Setting : The result code (RL, RG, RE) is set after each logical 

op'eration according to the logical properties of the result as shown below. 

All bits are "zero" (0, 0, 1) 

All bits are "ones" (0, 1, 0) 

Mixed "ones" and "zeros" (1> 0, 0) 

Program Interruption : Specification .error if R-field is odd. 



EQUIVALENCE DOUBLEWORD (EQCD) 

A logical EQUIVALENCE 
operation is applied at each 
bit position ( j) of two 
operand doublewords. One 
operand is from arithmetic 
register ARD and the other 
operand is from location ad. 

The result is stored into register ARD. 



Operation Code 
Type Format 
Operand Format 
Tylpe Addressing 
Symbolic Notation 



ED 

1 

R,(D= N, X 

“d, doubleword 

{Am)p{a6).~^kRD. 

for j range 0 thru 63 



Result Code Setting : The result code (RL, R6, RE) is set after each logical 

operation according to the logical properties of the result as shown below. 



All bits are "zero" 

All bits are "ones" 

Mixed "ones" and "zeros" 



(0, 0, 1) 
( 0 , 1 , 0 ) 
( 1 . 0 , 0 ) 



Program Interruption : Specification error if R-field is odd. 
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SHIFT INSTRUCTIONS 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



CO 

4 

R, I, X 
Immedtate 

(AR)j“>ARj_g^ (Arith.) 



ARITHMETIC SHIFT WORD (SA) 

The contents of the single- 
word arithmetic register AR, 
designated by the R-field, is 
shifted aritismetically eitlier 
right or left and the result 
is entered into register AR. 

The direction and the amount of shift is determined by the shift count (SC) 
information in the 7 LSB's of the N-field of the instruction word. The 
direction and amount of shift may be modified by the index register specified 
by the X-field when X 0. When modification occurs, MN and (X) are added 
the same as for halfvrord immediate operands. The least significant 7 bits 
of the result are interpreted as a twos complement number to determine the 
direction and amount of shift. This is equivalent to 7 bit addition. 

Overflow of the 7 bit shift count is not detected. For example, a minus 
60 indexed by a minus 7 gives a plus 61; plus 60 indexed by plus 6 gives 
a minus 62. Bit position 25 of the N-field and of the contents of X is 
interpreted as the sign position for shift instructions only. A positive 
sign of the resulting shift count causes a left shift of SC bit positions. 

A negative sign of the resulting shift count causes a right shift of SC bit 
positions. The value of SC is within the range: "64-^SC :^+63. 



Arithmetic right shift (negative shift count) 



sign extension 



bits shifted out of 
low-order bit position 
are lost 



Sign bit remains unchanged 



Arithmetic left shift (positive shift count) 



bits shifted 
through sign 
position are 
lost 




0 zeros are entered 
into low-order bit 
position 



Programming Notes : The 7-bit shift count is used for all word sizes. If the 

resulting shift count should exceed the word size of 32-bits for singleword 
shift instructions, then the register result would appear as follov/s: . 
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Arit hmetic Left Shift - A register result of zero with overflow detection. 
Thicre would be no overflow detection if the original value of the register 
before shifting was zero. 

Arit hsTjetic Right Sh ift - Either zero or minus one (fixed point, 2's 
cermp’i'ernent ) depending on whether the original register value was positive 
or negative, respectively . The M-field is not used but must be zero. 

A'Iso, the most significant bit of the T-field is not used, i.e., indirect 
sfrift counts are not possible. The M-field is not used, but must be zero. 

Re sult Code Setting : The result code (RL, RG, RE) is set according to the 

arTthmetic value of the result as follows: 

(AR) <0 (1. 0, 0) 

(AR) >0 (0, 1, 0) 

(AR) = 0 (0, 0, 1) 

P rogram Interruption : Fixed point overflow is detected, for arithmetic 

left shifts only, if the sign bit changes during the shift. The entire 
Sciift operation designated by the shift count is completed regardless 
of overflow conditions. 




ARITHMETIC SHIFT HALFWORD (SAH) 



The contents of the 'left 
half of singleword arithioetic 
register AR, designated by the 
R-field, is shifted arithmetically 
either right or left and th'e 
result is entered into the left 
half of register AR. 



Opev'ation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



Cl 

4 

R, I, X 



Immediate 
(ARlh) -^ARlh. 

(Arith. ) 



The direction and the amount of shift 

is determined in exactly the same manner as described in the SA instruction. 



Programming Notes : The 7-bit shift count is used for all word sizes. If 

the resulting shift count should exceed the word size of 16~bits for half- 
words, then the register result would appear as described under programming 
notes of tiie SA instruction. 



Also, the most significant bit of the T-fie1d is not used, i.e., indirect 
shift counts are not possible. The M-field must be zero. 

Result Code Setting : The result code (RL, RG, RE) is set according to 

the arithmetic value of the result as follows: 

(AR^^) 40 (1, 0, 0) 

(AR^^) > 0* (0, 1, 0) 

(AR^^) = 0 (0, 0, 1) 

Program Interruption : Fixed point overflow is detected, for arithmetic 

left shifts only, if the sign bit changes during the shift. The entire 
shift operation designated by the shift count is completed regardless ' 
of overflov/ conditions. 
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ARITHMETIC SHIFT DOUBLEWORD (SAD) 



The contents of the double- 
v^ord arithmetic register ARD, 
designated by the even R- field 
value, is shifted arithmetical!- 
either right or left and the 
result is entered into double- 
word register ARD. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



C3 

4 

R, I, X 

Immediate 

(ARD)j--^»ARD^-sc 

(Arilh. ) 



The direction and the amount of shift is 

determined in the same manner as described in the SA instruction. 



Programming Notes : The shift count (SC) cannot exceed the doubleword 

size of 64-bi'ts. Also, the most significant bit of the T-field is not 

used, i.e., indirect shift counts are not possible. The M-field must be zero. 

Result Code Setting : The result code (RL, RG, RE) is set according to 

the arithmetic value of the doubleword result as follows: 

(ARD) Z 0 (1, 0, 0) 

(ARD) >0 . (0, 1, 0) 

(ARD) ^0 (0, 0, 1) 

Program Interruption : Fixed point overflow is detected, for arithmetic 

left shifts only, if the sign bit changes during the shift. The entire 
shift operation designated by the shift count is completed regardless 
of overflow conditions. Specification error if R- field is odd. 
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LOGICAL SHIFT WORD ^SL) 



The contents of the single- 
word arithmetic register AR, desig- 
nated by the R-ficId, is shifted 
logically and the result is entered 
into arithmetic register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



C4 

4 



R. I. X 
Immediate 



(AR) 



(logical ) 



The direction and the amount of shift is determined by the shift count (SC) 
information in the 7 LSB's of the N-field of the instruction word. The 
direction and amount of shift may be modified by the index register specified 
by the X-field when X 7 * 0. When modification occurs, MN and (X) are added 
the same as for halfword immediate operands. The least significant 7 bits 
of the result are interpreted as a twos complement number to determine the 
direction and amount of shift. This is equivalent to 7 bit addition. Over- 
flow of the 7 bit shift count is not detected. For example, a minus 60 
indexed by a minus 7 gives a plus 61; plus 60 indexed by plus 6 gives a 
minus 62. Bit position 25 of the N-field and of the contents of X is 
Interpreted as the sign position for shift instructions only. A positive 
sign of the resulting shift count causes a left shift of SC bit positions. 

A negative sign of the resulting shift count causes a right shift of SC 
bit positions. The value of SC is within the range: -64 < SC < +63. 

Logical rigiit shift (negative shift count) 



zeros are 
inserted 
into high-order 
bit position 




bits shifted 
p- out of low-order 
bit position are 
lost 



Logical left shift (positive shift count) 



bits shifted 
out of bit 
position 0 are 
lost 



Q zeros are inserted 
into low-order bit 
positions 



Logical left shifts are the same as arithmetic left shifts, except that 
overflows are not detected. 

Progranminq Notes : The 7-bit shift count is used for all word sizes. 

If the resulting shift count should exceed the word size of 32-bits for 
singleword shift instructions, then the register result would appear as. 
follows: 
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Logical left shift -- all zeros and no overflow detection. 

Logical right shift - all zeros . 

Also* the most significant bit of the T-field is not used, i.e., 
indirect shift counts are not possible. The H--field must be zero. 

Result Code Settin g: The result code (RL, RG, RE) is set according to 

the logical properties of the single’word result as follows: 

Mixed "ones" and "zeros" (1, 0, 0) 

All bits are "one" (0, 1, 0) 

All bits are "zero" (0, 0, 1) 

Program Interruption : None. 
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LOGICAL shift HALFWORD (SLH) 

The contents of the left 
half of singleword arithmetic 
register AR, designated by the 
R-field, is shifted logically 
and the result is entered into 
the left half of register AR. 

The direction and the amount of 
shift is determined in the same 
manner as described in the SL 
instruction. 

Programming Notes : The 7-bit shift count is used for all word sizes. If 

the resulting shift count should exceed the word size of 16-bits for half- 
words, then the register result would appear as follows; 

Logical left shift - all zeros and no overflow detection. 

Logical right shift - all zeros. 

Also, the most significant bit of the T-field is not used, i.e., indirect 
shift counts are not possible. The M-field must be zero. 

Result Code Setting : The result code (RL, R6, RE) is set according to 

the logical properties of the halfword result as follows: 

Mixed "ones" and "zeros" (1, 0, 0) 

All bits are "one" (0, 1, 0) 

All bits are "zero" (0, 0, 1) 

'•fi. 

Program Interruption : None. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



C5 

4 

R,I,X 
Immediate 
(ARlh) .~>ARlh. 

j J 

(logical ) 



-sc 
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LOGICAL SHIFT DOUBLEWORD (SLD) 



The contents of the 
doubleyord arithmetic register 
ARD, designated by the even 
R-fieTd valuCj is shifted 
logically and the resul t 
is entered into doubleword 
register ARD. The direction 
and the amount of sf'.ift is 
determined in the same manner 
as described in the SL instruction. 

Programming Notes : The shift count (SC) cannot exceed the doubleword size 

of 64-bits , although SC may be set to minus 64 to get on al 1 zeros resul t. 
Also, the most significant bit of the T-field is not used, i . e . , indirect 
shift counts are not possible. The M- field must be zero. 

Result Code Setting ; The result code (RL, RG, RE) is set according to 
the logical properties of the doublev/ord result as follows: 

Mixed "ones" and "zeros" (1, 0, 0) 

All bits are "one" (0, 1, 0) 

All bits are "zero" (0, 0, 1 ) 

Program Interruption : Speci f i cati on error if R-field is odd. 



Operation Code C7 

Type Format 4 

Operand Format R, I, X 

Type Addressing Immediate 

Symbolic Notation (ARD) . ARD . 

j J -SC 

(logical ) 



102 




CIRCULAR SHIFT WORD (SC) 



The contents of single- 
word arithmetic register AR, 
designated by the R-field, 
is shifted circularly and 
the result is entered into 
register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



CC 

4 

R, I, X 
Inimedi ate 

Mod 32 



The direction and the amount of siiift is determined by the shift 
count (SC) information in the 7 LSB's of the N-field of the instruction 

word. The direction and amount of shift may be modified by the index 

register specified by the X-field when X 0. When modification occurs, 

MN and (X) are added the same as for halfword immediate operands. The 
least significant 7 bits of the result are interpreted as a twos complement 
number to determine the direction and amount of shift. This is equivalent 
to 7 bit addition. Overflow of the 7 bit shift count is not detected. 

For example, a minus 60 indexed by a minus 7 gives a plus 61; plus 60 

indexed by plus 6 gives a minus 62. Bit position 25 of the N~field and 

of the contents of X is interpreted as the sign position for shift in- 
structions only. A positive sign of the resulting shift count causes 
a left shift of SC bit positions. A negative sign of the resulting shift 
count causes a right shift of SC bit positions. The value of SC is within 
the range: -64 ^SC - +63. 

Circular right shift (negative shift count) 










3 



Bits shifted out of low-order bit position are entered into high-order 
bit position. 

Circular left shift (positive shift count) 




Bits shifted out of high-order bit position are entered into the low- 
order bit position. Overflows are not detected. 
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P rogro tT Piln g Notes: The 7-bit shift count is used for all word sizes. 

If the'Vesulting shift count should exceed the word size of 32-bits 
for singlev.'ord shift instructions, then the register result v/ould 
appear as follows: 

Circular right shift - Actual right shift equals shift count 

plus 32. '{SC is modulo 32). 



Circular left sfsift - Actual left shift equals shift count 

minus 32. (SC is modulo 32). 



Also, the most significant bit of the T-field is not used, i.e., indirect 
shift counts are not possible. The M~field must be zero. 

Result Code Setting : The result code (RL, RG, RC) is set according to 
the logical properties of the singleword result as follows: 



Mixed "ones" 


and "zeros" 


(1, 


0, 


0) 


All' bits are 


"one" 


(0. 


1, 


0) 


All bits are 


"zero" 


(0, 


0, 


1) 



Program Interruption : None , 
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CIRCULAR SHIFT HALFWORD (SCH) 



The contents 07" the left 
half of singleword aritiimetic 
register AR^ designated by the 
R-field, is shifted cir'cularly 
end the result is entered 
into the left half of register 
AR. fhc direction and the amount 
of shift is determined in the same 
manner as described in the SC instruction. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



CD 

4 

R, I, X 
Immediate 

(ARlh) ? ARlh 

j (j-sc 



Programmi ng Notes : The 7-bit shift count is used for all word sizes. 

If the resulting shift count should e>yceed the word size of 16-bits 
for halfwords, then the register result would appear as follows: 

Circular right shift - Actual right shift equals 

shift count plus nearest 
smaller multiple of 16 which 
brings SC into the range 
-1 6 5 SC ^ 0 (SC is modulo 16) . 

Circular left shift - Actual left shift equals 

shift count minus nearest 
smaller rrultiple of 16 which 
brings SC into the range 
0 £ SC 515 (SC is modulo 16) 

Also, the most significant bit of the T-field is not used, i.e., in- 
direct shift counts are not possible. The M- field must be zero. 

Result Code Setting; The result code (RL, RG, RE) is set according to 
the logicaT properties of the halfword result as follows: 



Mixed "ones" 


and "zeros" 


0, 


0, 


0) 


All bits are 


"one" 


(0, 


1, 


0) 


All bits are 


"zero" 


(0, 


0, 


1) 



Program Interruption: None. 
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CIRCULAR SHIFT DOUBLEWORD (SCD) 



The contents of the 
doubleworU arithmetic regis- 
ter ARO 5 designated by tlie 
even R-field value, is shifted 
circularly and the result is 
entered into doublev.'ord regis- 
ter ARD. The direction and the 
amount of shift is determined in 
the same manner as described in the 
SC instruction. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



CF 

4 

R, I, X 
Immediate 

(ARD)j-.ARD(j_3^, 

Mod 64 



P roqra p iminq Notes : The shift count (SC) cannot exceed the doubleword 

size cTf C4^bits. The original value results if SC is zero or minus 64. 
Also, the most significant bit of the T-field is not used, i.e., 
indirect shift counts are not possible. The M-field must be zero. 



Result Code Set ting : The result' code (RL, RG, RE) is set according 
to the lo'gicaT^roperties of the doubleword result as follows; 



Mixed "ones" and "zeros" 
All bits are "one" 

All bits are "zero" 



( 1 . 0 , 0 ) 
(0, 1, 0) 
( 0 , 0 , 1 ) 



Program Interruption : 



Specification error if R-field is 



odd. 
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BIT REVERSAL WORD (RVS) 



Reverse the right most 
n bits of the contents of 
arithmetic register AR. The 
other bits of (AR) remain 
unchanged, n is equal to 
IMMED + (X) and is restricted 
to the range 0 <_ n £ -32, where n is 
Let m = -n 

For m = (2,3 -4,. ..32) 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



Co 

4 

R, I, X 
Immediate 
See Below 



a 2's complement number. 



(R) 



j+31-m 



-*R 



32-j 



for j = (1 ,2,3,. . .n) 



(R)k 

For ro = 0 or 

For example. 

Before REV 
. Reg. R 

After REV 
Reg. R 



for k = (0,1 , 2 , . . .31-m) remain unchanged. 
1, the contents of R remain unchanged, 
suppose n = -7 



i 

J 


1234567 1 




unchanged 


7654321 



Result Code Setting : The result code (RL, RG, RE) is set according to 
the logical properties of the singleword result as follows: 



Mixed "ones" 


and "zeros" 


(1, 


0, 


0) 


All bits are 


"one" 


(0, 


1, 


0) 


All bits are 


"zero" 


(0, 


0, 


1) 



Program Interruption : None. 
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CO :-yAR E INSTRUCTIONS 
COMPARE WORD (C) 



OP Code C8 



This ccsnpare instruction tests the 
contents of sing! word arithmetic register 
AR relative to the contents of location a 
and preserves the result of the comparison 
in the compare code bits (CL, CG, CE) as speci 
and a remain unchanged. 

CO MPARE Code Setting : (CL, CG, CE) 

(AR) < (;) (1,0,0 

(AR) > (a) (0, 1, 0) 

(AR) = (a) (0, 0, 1) 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



C8, CE 

1 

R, 0 - N, X 
a, singleword 
(O’: (a) 



fled belov/. The contents of AR 



OP Code CE 



This instruction compares the contents of the index register XR or vector 
register VR, designated by R ,rel ati ve to the contents of the fixed point single 
length operand in location a and preserves the result of the comparison in the 
compare code bits shown below. The contents of XR or VR and a remain unchanged. 

XR for R-field range 0 thru 7 
VR for R-field range 8 thru F 



CoTipj iagj 


(CL, CG, CE) 


m < (a) 


(1. 0, 


(R) > (a) 


(0, 1, 


(R) = (a) 


(0, 0, 



Result Code : Not Affected 

Program Interruption : None 



COMPARE WORD IMMEDIATE (Cl) 



OP CODE 08 



This compare immediate 
singleword instruction tests 
the contents of arithmetic re- 
gister AR relative to a single 
length arithmetic immediate 
operand and preserves the result 
of the comparison in the compare 
code bits. The contents of AR 
remain unchanged. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 

Symbolic Notation 



D8, DE 
4 

R, I, X 
Immediate, 
arith, whole word 
(R) : h 
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( 1 , 0 , 0 ) 
( 0 , 1 , 0 ) 
(0, 0, 1) 



Compare Code Setting : (CL, CG, CE) 

(AR) < irtiEO 
(AR) > IHMED 
(AR) = IKattD 

OP CODE DE 

This compare immediate singleword instruction tests the contents of 
index register XR or vector register VR, designated by R, relative to a 
single length arithmetic immediate operand and preserves the result of the 
comparison in the compare code bits. The contents of XR and VR remain un- 
changed . 

XR for R-field range 0 thru 7 
VR for R-field range 8 thru F 

Compare Code Setting : (CL, CG, CE) 

(R)^ I®1ED ■ (1, 0, 0) 

(R)> »!ED (0, 1, 0) 

(R)= mMED _ (0, 0, 1) 

Result Code : Not Affected 

Program Interruption : None 



COMPARE HALFWORD (CH) 

The compare halfword instruction tests 
the contents of the 16 most significant bits 
of arithmetic register AR relative to the 
contents of halfword location ah, and pre- 
serves the result of the comparison in com- 
pare code bits as- specified below. The 
contents of AR and a remain unchanged. 



Compare Code Setting: (CL, 


CG, CE) 




(ARlh) < 


(ah) 


(1, 


0, 


0) 


(ARlh) - 


(ah) 


(0, 


• > 


0) 


(ARlh) = 


(ah) 


(0, 


0, 


1) 


Result Code: Not 


Affected 








Program Interrupt! 


on : None 









Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



C9 

1 

R, 0 = N, X 
ah, 1v»lfv/ord 
(ARlh):(ah) 
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COMPARE HALFWORD IffCDIATE (CIH) 



A compare immadlate halfword 
instruction tests the most signi- 
ficant 16 bits of arithmetic 
register AR relative to a halfword 
immediate operand and preserves the 
result of the comparison in the 
compare code bits. The contents of 
register AR remains unchanged. 



Ope rati Oil Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



D9 

4 

R, I, X 

Immediate halfword 
(ARlh):nrh 



Compare Code Setting : (CL, CG, CE) 

(ARlh) < nrh (1, 0, 0) 

(ARlh) > nrh (0, 1, 0) 

(ARlh) = nrh (0, 0, 1) 

Result Code : Not Affected 

Program Interruption ; None 



COMPARE FLOATING POINT WORD (CF) 

The compare floating point instruction 
tests the contents of the singleword arith- 
metic register AR relative to the contents 
of location a and preserves the result of 
the comparison in the compare code bits as 
specified below. The contents of AR and a 
remain unchanged. 

PROGRAMMING NOTE : Floating point input arguments must be hexadecimal ly normalized 
prior to use in a floating point compare instruction. 

Compare Code Setting : (CL, CG,'CE) 

(AR) < (a) (1»0, 0)- 

(AR) > a) (0, 1, 0) 

(AR) = (a) (0, 0, 1) 

Result Code: Not Affected 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notatii 



CA 

1 

R, 0 = N, X 
a, singleword 
,(AR):(a) 



Program Iftter-ruptlon : None 




COMPARE FLOATING POINT DOUBLEWORD (CFD) 

The compare instruction tests the con- 
tents of the doubleword arithmetic register 
ARD relative to the contents of location ad 
and preserves the result of the comparison 
in the compare code bits as specified below. 
The contents of ARD and od remain unchanged. 
PROGRAMMING NOTE; Floating 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



CB 

1 

R, 0 = N, X 
ad, doubleword 
(ARD): (ad) 



prior to use in'a floatiiig point compare instruction 
Compare Code Setting : (CL, CG, CE) 



input arguments must be hexadecimal ly normalized 



(ARD) < (ad) (1, 0, 0) 

(ARD) (ad) (0, 1 , 0) 

(ARD) (ad) (0,0,1) 



Result Code : Not Affected 

Program Interruption : Speci fi cation error if R-field is odd. 



COMPARE LOGICAL AND (CAND) 

This whole Word logical compare instruc- 
tion first performs a logical "AND" operation 
on the contents of register AR and the con- 
tents of location a. The compare code bits 
are set according to the logical properties 
of the 32-bit result, but the result is not 
stored. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



E2 

1 

R, 0 = N, X 
a, singleword 
(AR)j A 

for j range 
0 thru 31 



Compare Code Setting : (CL, CG, CE) 

.Mixed "ones" and "zeros" (1, 0, 0) 

All bits are "one" (0, 1, 0) 

All bits are "zero" (0, 0, 1) 

Result Code : Not Affected 

Program Interruption : None 
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CCHPARE LOGICAL “AND" IMMEDIATE (CAMDI) 



first 
on the 
AR end 
opera no 
corditia 
tf'c 32 -b 
liC-t stor 



This locjical Inirnadio.te Instruction 
rfornis a logical "AND" operation 
inglcwovd contents of register 
he singlev/ord logical immediate 
The compare code is set sc- 
tc tfte logical properties of • 
it result', but the result is 
cd. The contents of register AR 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



F2 

4 

R, I, X 

Immediate, logical SW 
(AR)^ A n. 

for j range 0 tiu'u 31 



remain unchanged by this instruction, 



Co:.pare Co de S ettin g: (CL, CG, CE) 

Mixed "I's" and "O's" (1,0, 0) 

All bits are "1" (0, 1, 0) 

All bits are "0" (0, 0, 1) 

Res ult Code : Not Affected 

P rogram Interruption : None 



CflMPARE LOGICAL OR (COR) 

This logical compare instruction first 
performs a logical "OR" operation on the 
contents of register AR and the contents of 
location a. The compare code bits are set 
according to the logical properties of the 
32-bit result, but the result is not stored. 

The logical properties and the respec- 
tive ccMTipare codes are listed belov/. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



E6 

1 

R, 0 = N, X 
a, singleword 
(AR). V(a). 

for j range 
0 thru 31 



Compare Code Setting : (CL, CG, CE) 

Mixed "ones" and "zeros" (1, 0, 0) 

All bits are "one" (0, 1, 0) 

All bits are "zero" (0, 0, 1) 

Result Code : Not Affected 

Program Interruption : None 
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COMPARE LOGICAL "OR" IMMEDIATE (CORI) 



This logical immediate, instruc- 
tion first perfoms a logical "OR" 
operation on the contents of single- 
word register AR and tiic singleword 
logical immediate operand. Tne com- 
pare code is set according to the 
logical propet'ties of the 32-bit 
result, but the result is not stored. 

The contents of register AR 
remain unchanged by logical compare ins 



Operation Code 
Type Fonnat 
Operand Format 
Type Addressing 
Symbolic Motation 



tructions. 



F6 

4 

R, I, X 

Immediate, logical SW 

(AR)j V "j 

for j range 0 thru 31 



Compare Code Setting : (CL, CG, CE) 



Mixed ’T 


's" and "O’s" 


(1, 


0, 


All 


bits 


are "1" 


(0, 


1, 


All 


bits 


are "0" 


(0, 


0, 



Result Code : Not Affected 

Program Interruption : None 



COMPARE LOGICAL "AND" DOUBLEWORD (CANDD) 

Doubleword logical compare instructions 
first perform the specified logical operation 
on the contents of doubleword register ARD 
and the contents of doubleword location ad. 
The compare code bits are set according to 
the logical properties of the 64-bit result, 
but the result is not stored. The logical 
properties and the respective compare codes 
are listed below. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



E3 

1 

R, 0 - N, X 
0 ^, doubleword 

(ARD). A (ad). 

U vl 

for j range 
0 thru 63 



Compare Code Setting : (CL, CG, CE) 

Mixed "I's" and "O's" (1, 0, 0) 

All bits are "1" (0, 1, 0) 

All bits are "0" (0, 0, 1) 

Result Code : Not Affected 

Program Interruption : Specification error if R-field is odd. 
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COMPARE LOGICAL "OR“ DOUBLE WORD (CORD) 

Doublev/ord logical compare instructions 
first perfonn the specified logical operation 
on the contents of doublev/ord register ARD 
and ti'.e contents of doublev/ord location ad. 
The compare code bits are set according to 
the logical properties of the 64-bit result, 
but the result is not stored. The logical 
properties and the respective compare codes 
are listed below. 



Operation Code 
Type Foraat 
Operand Format 
Type Addressing 
Symbolic Notation 



E7 

1 

R, @ = N, X 

clouhleword 
{Akrj). V (ad)j 

for j range 
0 thru §3 



Comp are Code Setting : (CL, CG, CE) 

Mixed "I's" and "O's" (1, 0, 0) 
All bits are "1 " (0,1,0) 
All bits are "0" (0, 0, 1) 



Result Code ; Not Affected 

Speci fi cation error if R-fiel d is odd. 
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CONDITIONAL BRANCH INSTRUCIIONS 



BRANCH ON COMPARISON TRUE (B'CC) 



The R-field 
matched V'dth the compare 
and a branch is taken to 
logical equation, COND “ 



the instruction v^ord is 



code indicators 
location 



i\ ’CL 



■V' f, 



B if 
’ CG-!-r, 



the 

•CE. 



Operation Code 
Type Eormat 
Operand Format 
Typ:,- Addressing 
Symbol 1c Notation 



91 

9 

M,@ = N, X 
B , branch 
B PC if COND 



2 ‘ I 2 

is true, otherwise the next instruction ir 
sequence is taken. Terms CL, CG, & CE in 

the logical equation are the compare code indicators, while r-] , r^, -r 3 
3 LSB's of the R-field. The most significant bit of the R-field is ignored. 

The instruction irinemonic, R-fie1d value, and branch condition are shown below 
for the case of a Branch on Com.parison True instruction operating on the compare 



a, 



fo are the 



code setting of a previous Ari thrnetic Comparison instruction, 
include C,CI', €H, CIH,. CF, CFD. 



These instructions 



Mnemoni c R-field Branch on Comparison Condition 



NOP 


XOOO 


take next instruction 


BE 


XOOl 


(R) = (c) 


BG 


xoid 


(R) > (a) 


BGE 


XOll 


A 1 


BE 


XlOO 


(R) < (a) 


BLE 


XI 01 


(R) - (a) 


BNE 


XllO 


(R) (a) 


B 


xm 


unconditional branch 


Compare Code: 


Not Affected 




Result Code: 


Not Affected 




Program Interruption: None 
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The branch address, 6, for a Branch on Condition True instruction is a 
function of the T, M, and N-fields of the instruction word as follows: 



T 


M 


Br 


anch Address, p 


0 


0 


N*+(PC) 


Relative to program counter 


1-7 


0 


N*+(PC)+(T) 


Relative to program counter plus index 


0 


1-F 


N+(M) 


Base plus displacement 


1-7 


1-F 


Nf(M)+(T) 


Base plus displacement plus index 


8 


0 


(N*+(PC)) 


Indirect relative to program counter 


9-F 


0 


(N*+(PC)+(T-8)) 


Indirect relative to program counter plus ii 


8 


1-F 


(N+(M)) 


Indirect relative to base plus displacement 


9-F 


1-F 


{N+(M)+(T-8)) 


Indirect relative to base plus displacement 
plus index 



where N + (M) is Base address plus displacement (N is positive, 12-bit 

number) and N* e Signed N-field, 11 -bits plus sign bit, 2's complement. 

This branch address definition is used for all test and branch instructions. 

These include: 

BE. BG, BGE, BL, BLE, BNE, B 
BCZ, BCO, BCNM, BCM, BCNO, BCNZ 
BZ, BPL, BZP, BMI, BZM, BNZ 
BR2, BRO, BRNM. BRM, BRN.O, BRNZ 
BU, BO, BUO, BX, BXU, BXO, BXUO, BD 
BDU, BDO, BDUO, BOX, BDXU, BDXO, BDXUO 

BXEC , 0-L6 j -BLX ■ 

IBZ, IBNZ, DBZ, DBNZ 

When an Indirect branch address is specified (T ^ 8), the indirect address 
format is the same as that used by indirect addressing, except that addresses 
-2F reference central memory regardless of M. ^ 

If a branch address is less than or equal to 2F (b - 2F), then the program 
branches to central memory location -regardless of the M and T-field speci- 
fications. Branches cannot reference the re'^istsr file. 
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Relative branch addresses are generated -as follows: 



For M = 0 8 20 31 

N“field [ Extended sign f S~T . ~ J* 

|4 -12-bits >1 1 ^ fTB-j 

+ 

8 31 

Program [ (P'CjTr^^-blt sT I 

counter " - . . 



Branch address, e 



N* + (PCT 



31 
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BRANCH OM COMPARISON AFTER LOGICAL 
COMPARISON INSTRUCTIONS (BCC)' 

The Branch on Comparison Instruction 
described on the previous page also func- 
tions as a logical test to determine the 
outcome of a previous Logical Comparison 
instv'uction. These instructions include: 
CARD, COR, CANDD, CORD, CANDI , CORI. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



91 

9 

M, (?■= N, 
g, branch 
B -V PC if 



Mnamoni c 


R- field 


Branch condition 


NOP 


XOOO 


Do not branch 


BCZ 


XOOl 


All bits are zero 


BCO 


XOlO 


All bits are one 


BCMM 


xon 


Not mixed 


BCM 


XI 00 


Mixed zeros & ones 


ECHO 


XlOl 


Not all ones 


BCNZ 


XI 10 


Not all zeros 


B 


xin 


Unconditional branch 


Compare Code; 


Not Affected 




Result Code: 


Not Affected 




Program Interruption: None 





X 

COND 
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BRANCH ON RESULT CODE TRUE (BRC) 



The R"field of the instruction word is 
matched with the result code indicators and 
a branch is taken to location 3 if the logi- 
cal equation, COND - r-, •RL+rp‘RG+r..'RE, is 
true, otherA'ise the next instruction in se- 
quence is taken. Terms RL, RG, h RE in the 
logical equation are the result code indicate 
3 LSB's of the R- field. The most significant 
The instruction mnemonic, R-field value, and 
for the case of a Branch on Result Code True 
result code setting of a previous Load, Store 



Operation Code 95 

Type Format 9 

Operand Format M, 0 = N, X 

Type Addressing 3, branch 

Symbolic Notation 3 PC if R 



’s , wh i 1 e r, s 
bit of the R- 



r^, & r^ 
ffeld i§ 



are the 
ignored. 

branch condition are shown below 
instruction operating on the 
5 or Arithmetic instruction. 



Mnemonic R-field Branch on REsult Code Condition 



NOP 


XOOO 


take next instruction 


BZ 


XOOl 


(R) = 0 


BPL 


XOlO 


O 

A 


BZP 


xon 


70 

1 V 
O 


: BMI 


XI 00 


(R) < 0 


BZM 


XI 01 


(R) - 0 


BNZ 


xno 


(R) ^ 0 


B 


xni 


unconditional branch 


Compare Code: 


Not Affected 




Result Code: 


Not Affected 





Program Interruption : None 



COND 
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BRAKCH ON RESULT CODE INSTRUCTION 
AFTER A LOGICAL INSTRUCTION (BLR); 



The branch on Result Code instruction 
described on the previous page also func- 
tioTiS as a logical test to determine thie 
outcome of a previous logical instruction. 

The result code setting is determined by 
the current logical properties of the 
most recently referenced register, providing that register vms referenced by 
a l&qical instruction. 



Operation Code 



95 



Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



9 

M, 0 = N, X 
B, branch 
B -> PC if R COND 



Mnemoni c 


R-field 


Branch condition 


NOP 


XOOO 


Do not branch 


.BRZ 


XOOl 


All bits are zero 


BRO 


XOlO 


All bits are one 


BRNM 


XOll 


Not mixed 


BRM 


■ XlOO 


Mixed zeros ones 


BRtIO 


XlOl 


Not all ones 


BRNZ 


XllO 


. . Not all zeros 


B 


XI 11 


Unconditional branch 



Compare Code : The indicator code settings are not affected by any of the 

branch instructions just described. 

Result Code : Not Affected 

Program Interruption : None 
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BRANCH ON ARITHMETIC EXCEPTION (ffiE) 



The R-field of the instruction word 
with the arithmetic exception 
a branch is taken to location b 
logical equation. 



IS compared 
code and 
when the 



BRANCH = r-Q'D+r 



•X+rp’O-rr^' 



U 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



9D 

o 



, 0 = N, 
, branch 
PC if 



AE COND 



1 

is true; otherwise the next instruction in sequence is taken. Terms 
and U in the logical equation are the arithmetic exception code bits, 
r-, , To, and r^ represent the bits of the R-field. 



d', 

whili 



X, 0, 



I PI j I -j 5 I OS Gfiu j c|..f rc:>CH u un’r u i uj uutr rv- i 1 1:: i u . The table below show's 
tne branen conditfons for a b/.S - - instruction. The branch address, e, for 
s BAS- - " instruction is defined identical to that of a Branch on comparison 
True instruction. 



The arithmetic exception bits are set when the condition occurs and the 
bit so set will remain set until it is tested by a. BAE - - instruction. 

Only the tested bit/s as indicated by "ones" in the R-field are reset upon 
execution of the AE test instruction. Bits not tested are not reset. Thus 
the AE bits (D, X, 0, and U) are cumulative in indicating arithmetic exceptions. 



Mnemonic 


R-field 


Branch on Condition 


BU 


0001 


Floating point exp. underflow 


BO 


0010 


Floating point exp. overflow 


BUO 


0011 


Floating point exp. underflow or 
overflow 


BX 


0100 


Fixed point overflow 


BXU 


0101 


Fixed point overflow or floating point 
exp. underflow 


BXO 


ono 


Fixed point overflow or floating point 
exp. overflow 


BXUO 


0111 


Fixed point overflow or floating point 
exp. underflow or overflow 


BD 


1000 


Divide check 


BDU 


1001 


Divide check or floating point exp. 
underfl ow 


BDO • 


1010 


Divioe check or floating point exp. 
overfl ow 


BDUO 


ion 


Divide check or floating point exp. 
underflow or overflow 
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BDX 


1100 


Divide check or fixed point overflow 


BDXU 


1101 


Divide check or fixed point overflow 
or floating point exp. underflow 


BDXO 


mo 


Divide check or fixed point overflow 
or floating point exp. overflow 


BDXUO 


1111 


Divide check or fixed point overflo'w 
or floating point exponent underflow 
or overflow 


Conipare Code: 


Not Affected 




Result Code: 


Not Affected 




Program Interruption: None 
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BRANCH ON EXECUTE CONDITION (BXEC) 



Operation Code 9C 

Type Format 3 

The R-field of the instruction Operand Format @ N, X 

v/ord is compared with the Branch or Type Addressing $, branch 

Skip register (BSR) and a branch is Symbolic Notation 6 PC if 

taken to location g when the logical BRANCH true 

equation, | 



BRANCH = r • BSR„ + r, • BSR, + r.-MCC + r, • BSC, 

0 0 1 Id 3 

is true; otherwise the next instruction in sequence is taken. 

The BSC term in the logical equation is the Branch or Skip Condition bit. 
The MCC term is the Monitor Call Condition bit. Terms r , r, , r^, and r^ re- 
present the four bits of the R- field. 

The BSC bit is set to a "one" when an Execute instruction executes any 
conditional branch or skip type instruction and the condition for branching 
or skipping is satisfied. The MCC bit is set to a "one" when an Execute 
instruction executes an MCP or MCW instruction. The branch or skip is not' 
taken when BSC is set nor is a monitor call made to central memory and the 
PPU when the MCC bit is set. 

If a BXEC instruction (one for which R=0001 ) branches, then the condition 
for branching was satisfied. If a BXEC instruction (one for which R=0010) 
branches, then an Execute instruction has executed an MCP or MCW instruction. 
Both conditions are tested by a BXEC instruction with an R-field of 0011. 

The indicator bits of the BSR register which correspond to the position 
of "ones" in the R-field of the BXEC instruction are reset to "zero" by the 
BXEC instruction. Bit positions of BSR which are not tested by "ones" in R 
are not reset by the BXEC instruction. Only the two LSB's of the BSR register 
are used by the BXEC instruction. The twe MSB bits of the 4-bit BSR register 
are spare indicator bits which are presently tied to "zero" and are unassigned. 



COMPARE CODE : Not affected 
RESULT CODE : Not affected 
PROGRAM INTERRUPTION: None 
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I NCREMENT AND TEST INSTRUCTIONS 
IflCRBCNT, TEST AND BRANCH ON ZERO (IBZ) 

O P Co de 08 

The contents of the arithmetic register 
specified by the R-field is incremented by 
unity end tested for zero. If the contents 
of register AR equal zero after modifications 
then a branch is taken to the branch address. 
Instruction in sequence is taken. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



88, 8C 
7 

R, 0 = N, X 
branch 

B PC if = 0 



3. If (AR) is non-zero the next 



Test Condition after modification 









Modification 


r 

(AR) = 0 


(AR) i 0 


(AR) + 1 ^ AR 


3 PC 


(PC) -f 1 PC 



OP Code 8C 

The contents of the index register or vector register (XVR) specified by 
the R-field is incremented by unity and tested for zero. If the contents of 

Register XVR equal zero after modification, -then a branch is taken to the 

branch address, 3. If XVR is non-zero, the next instruction in sequence is 
taken. 

XVR is an index register, XR, If the R-field value is 0 thru 7. 

XVR is a vector register, VR, if the R-field value is 8 thru F. 



Test Condition after modification 



Modification 


(XVR) = 0 1 


(XVR) i 0 


(XVR) + 1 ^ XVR 


3 PC 1 


(PC) + 1 PC 



Result Code : (RL, RG, RE) is set according to the arithmetic value of the 

register after modification as follows: 

Negative (1, 0, 0) 

Positive (0, 1,0) 

Zero (0, 0. 1) 

Program Interruption : None 
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INCREMENT, TEST AND BRANCH ON NON-ZERO (IBNZ) 
OP Code 89 

The contents of arithmetic register AR 
is incremented by unity and tested for non- 
zero. If (AR) is non-zero after modifica- 
tion, a branch is taken to 3. If (AR) is 
zero, the next instruction is taken. 



Operation Code 
Type Fo'.mat 
Operand Format 
Type Addressing 
Symbolic Notation 



89, 8D 
7 

R, 0 - N, X 
B, branch 
3 PC if ^ 0 



Test Condition after modification 












Modification 


(AR) = 0 


> 

O 


(AR) + 1 -> AR 


(PC) + 1 PC 


3 PC 



OP Code 8D 

The contents of the index register or vector register specified by the 
R-field is incremented by unity and tested for non-zero. If (XVR) is non- 
zero after modification,, a branch is taken to 3. If (XVR) is zero, the next 
instruction is taken. 



Test Condition after modification 






Modification 


(XVR) = 0 


(XVR) i 0 


(XVR) + 1 XVR 


(PC) + 1 ^ PC 


3 PC 



Result Code : (RL, RG, RE) is set according to the arithmetic value of 

the register after modification as follows: 



Negative (1, 0, 0) 

Positive (0, 1 , 0) 

Zero (0, 0, 1) 

Program Interruption : None 
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DECREMENT, TEST AND BRANCH ON ZERO (DBZ) 
OP Code 8A 



The contents of the arithmetic register 
specified by the R-field is decremented by 
unity and tested for zero. If the contents 
of register AR equal zero after modification, 
then a branch is taken to the branch address, 
instruction in sequence is taken. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



8A, 8E 
7 

R, 0 = N, X 
6, branch 
B PC if = 0 



p. If (AR) is non-zero the next 



Test Condition after modificeition 




Modification 


(AR) = 0 


(AR) f 0 


(AR) 1 AR 


p PC 


(PC) + 1 PC 



Op. Code 8E 



The contents of the index register or vector register specified by the 
R-field is decremented by unity and tested for zero. If the contents of 
register XVR equal zero after modification, then a branch is taken to the 
branch address, p . If (XVR) is non-zero, the next instruction in sequence 
is taken. 



Test Condition after modification 






Modification 


(XVR) = 0 


(AR) i- 0 


(XVR) - 1 -V XVR 


p ^ PC 


(PC) + 1 PC 



Result Code : The result code (RL, R6, RE) is set according to the arithmetic 

value of the register after modification as follows: 

Negative (1, 0, 0) 

Positive (0, 1, 0) 

Zero (0, 0, 1) 

Program Interruption : None 
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DECREMENT, TEST AND BRANCH ON NON-ZERO (DBNZ). 
OP Code 88 



The contents of arithmetic register 
AR is decremented by unity and tested for 
non-zero. If (AR) is non-zero after modi- 
fication, a branch is taken to f. If (AR) 
is zero, the next instruction is -taken. 



Operation Code 
Type Format 
Operand Fov'mat 
Type Addressing 
Symbolic Notation 



8B, 8F 
7 

R, 0 = N, X 
g, branch 
B-.PC if 0 



Test Condition after modification 




Modification 


(AR) = 0 


(AR) f 0 


(AR) - 1 -> AR 


(PC) + 1 PC 


g PC 



OP Code 8F 



The contents of the index register or vector register specified by the 
R- field is decremented by unity and tested for non-zero. If (XVR) is non- 
zero after modification, a branch is taken to B. If (XVR) is zero , the next 
instruction is taken. 



Test Coadition after modification 



Modification 


(XVR) = 0 


(XVR) f 0 


(XVR) - 1 XVR 


(PC) + 1 PC 


e PC 




Result Code : The result code (RL, RG, RE) is set according to the arithmetic 

value of the register after modification as follows: 



Negative (1, 0, 0) 

Positive (0, 1 , 0) 

Zero (0, 0, 1) 



Program Interruption : None 
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INCREMENT, TEST AND SKIP ON EQUAL (ISE) 

The contents of arithmetic register AR 
is incremented by unity and coiitparcd rela- 
tive to the contents of location a. if 
AR = (e) v^fter (AR) has been modified, then 
the next instruction is skipped. If (AR) f 
(a)j then the next instruction is taken. 



Operation Code 
Type Eormat 
Operand Format 
Type Addressing 
Symbolic Notation 



Test Condition after modification 




Modi f i cati on 


(AR) = (a) 


(AR) f (a) 


(AR) + 1 AR 


(PC) + 2 -> PC 


(PC) + 1 PC 



Result Code : The result code (RL, RG, RE) is set according to the 

value of the register after modification as f ol 1 ows : 

Negative . (1, 0, 0) 

Positive (0, 1 , 0) 

Zero (0, 0, 1) 



Proaram Interruotion: None 



80 

1 

R, 0 - N, X 
a, singleword 
PC+2-^PC if 



arithmetic 
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INCREMEKT, TEST AND SKIP ON NOT EQUAL (ISNE) 

The contents of arithmetic register AR 
is incremented by unity and compared rela- 
tive to the contents of location a. If 
(AR) f (a) after (AR) has been modified, 
then the next instruction is skipped. If 
(AR) = (a), then the next instruction is 
taken. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



81 

1 

R, (3 = N, X 
a, singleword 
PC+2-^PC if f 



Test Condition after modification 




Modification 


(AR) = (a) 1 


(AR) f (a) 


(AR) + 1 -> Ar 


(PC) + 1 ^ PC 


(PC) + 2 PC 



Result Code : The result code (RL, RG, RE) is set according to the arithmetic 

value of the register after modification as follows: 

Negative (.1, 0, 0) 

Positive (0, 1, 0) 

Zero (0, 0, 1) 



Program Interruption : None 
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DECREMENT, TEST AND SKIP ON EQUAL (OSE) 

The contents of arithmetic register AR 
is decremented by unity and compared rela- 
tive to the contents of location a. If 
(AR) = (a) after (AR) has been modified, 
then the next instruction is skipped. If 
(AR) f (a), then the next instruction is 
taken. 



! 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



Test Condition after modification 



Modification 


(AR) = (a) 


(AR) ^ (a) 


(AR) - 1 ^ AR 


(PC) + 2 PC 


(PC) + 1 PC 



Result Code : The result code (RL, RG, RE) is set according to the 

value of the register after modification as follows: 



Negative 


(1, 0, 


Positive 


(0, 1, 


Zero 


(0, 0, 


Program Interruption: 


None 
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82 

1 

R, @ = N, X 
a, singleword 
PC+2-.PC if = 



ari thmeti c 




DECREMENT. TEST AND SKIP OH NON-EQUAL (DSNE) 

The contents of arithmetic register AR 
is decremented by unity and compared rela- 
tive to the contents of location a. If 
(AR) f (a) after (AR) has been modified, 
then the next instruction is skipped. If 
(AR) - («), then the next instruction is 
taken. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



Test Condition after modification 











Modification 


(AR) = (a) 


(AR) f (a) 


(AR) - 1 -»• AR 


(PC) + 1 PC 


(PC) + 2 PC 



Result Code : The result code (RL, RG, RE) is set according to the 

value of the register after modification as follows; 

Negative (1 , 0, 0) 

Positive (0, 1 5 0) 

Zero (0, 0, 1) 



Program Interruption : None 



83 

1 

R, @ = N, X 
a, sinqleword 
PC+2-^PC if f 



arithmetic 



Increment and Test Instructions 131 

Section B3 




TEST AND BRANC.Si INSTRUCTIONS 



^^mucu ON LESS THAN OR EQUAL TO (BCLE) 
OP Cod e 8^ - Arithmetic Register 
OP Code 86 - Index Regi ster 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Sy mb 0 1 i c No ta t i on 



84, 86 
6 

R, R, N 
3, branch 
See table belov/ 



The contents of the arithmetic or 1 

index register specified by the R -field 

is added to the contents of the arithmetic register specified by the T-field. 

The sum is stored into the arithmetic or index register specified by the 
R-field. This result is then compared relative to the contents of the arith- 
metic register specified by the T-field plus one. A branch to location 3 is 
taken if the result is less than or equal to the contents of arithmetic register 
T plus one. The T-field must be even. The increment and limit must be stored 
into an even-odd arithmetic register address pair. 



OP Coade 84 



Modification 


(AR) < (AT+1) 


(AR) > (AT+1) 


CAR) + (AT) -^AAR 


3 -5- PC 


(PC) + 1 ^ PC 

[ V 


OP Code 86 i 

Modification 


(XVR) < (AT+1) 


(XVR) > (AT+1)‘ 


(XVR) + (AT) -> XVR 


3 PC 


: (PC) + 1 PC 



Test Condi ti on 
after 

modification 



Test Condi tion 
after 

modification 



The branch address, 3, is relative to the program counter or relative 
to the base address depending on the M-field selection as shown in the table 
below. Indexed branch addressing is not possible. Also, indirect branch 
addressing is not possible. 



H-field 




Branch address, g 


0 


N* + (PC) 


Relative to program counter 


1-F 


N + (M) 


Relative to base address 



where N is a positive, 12-bit number 

and N* is a signed, 2's complement number (11-bits plus sign bit). 



Result Code: The result code (RL, RG, RE) is set according to the arithmetic 

value of the register after modification as follows: 

Negative (1, 0, 0) 

Positive (Oj 1j 0) 

Zero (0, 0, 1) 



Program Interruption: Specification error if T-field is odd. 
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BRANCH ON GREATER THAN (BCG) 

OP Code 85 - Arithmetic Register 
OP Code 87 ~ Index Register 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



85, 87 
6 

R, R, N 
3 , branch 
See table below 



The contents of the arithmetic or I 

index register specified by the R-field 

is added to the contents of the arithmetic register specified by the T-field., 

The sum is stored into the arithmetic or index register specified by the R-field. 
This result is then compared relative to the contents of the arithmetic regis- 
ter specified by the T- field plus one. A branch to location 3 is taken if the 
result is greater than the- contents of arith;netic register T plus one. The 
T-field must be even. The increment and limit must be stored into an even-odd 
arithmetic register address pair. 



Op Code 85 



Modification 


, (AR) < (AT+1) 


(AR) > (AT+1) 


(AR) + (AT) -> AR 


(PC) + 1 PC 


3 PC 


Op Code 87 , 
Modification ' 


(XVR) < (AT-H) 


(XVR) > (AT+1) 


(XVR) + (AT) -> XVR- 


(PC) + 1 PC 


3 ^ PC 



Test Condition 
after 

modification 



Test Condition 
after 

modification 



The branch address, 3 , is relative to the program counter or relative 
to the base address depending on ;the M-field selection as shown in the table 
below. Indexed branch addressing is not possible. Also, indirect branch 
addressing is not possible. 



M-field 




Branch address , 3 


0 


N* + (PC) 


Relative to program counter 


1-F 


N + (M) 


Relative to base address 



where N is a positive, 12-bit number 

and N* is a signed, 2's complement number (11-bits plus sign bit). 

Result Code: The result code (RL, RG, RE) is set according to the arithmetic 

value of the register after modification as follows: 

Negative (1, 0, 0) 

Positive (0, 1, 0) 

Zero (0, 0, 1) 

Program Interruption : Specification error if T-field is odd. 
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MI SCELLA ri EOUS INS TRU CTIONS 
push' WORD info L IFO’ stack” (PSH) 



The R-field designates the arithmetic 
register to be stored in a push operation. 

The effective address, specifies a 
doubleword location. The first v/ord con- 
tains a positive 16-bit word count and a 
positive 16-bit space count in tire left 
and right half word, respectively. Word 
and space counts are in 2's complement re- 
presentation. The second word con- 
tains a 24-bit stack pointer as shown in 
the figure below. 



Location 



a+1 



+ * 

~ 1 
i 


WORD COUNT Ui SPACE 
i ( 


COUNT 


0 


15 16 


31 


STACK POINTER 


0 


7 8 


31 



Oper’ation Code 
lype Format 
Operand Format 
Type Addressing 
•Sytibolic Notation 



93 

2 



R, @ N, X 

od, doubleword 
(AR) -> (?) 
(P)+l P 



The doubleword locations shown above 
are restricted to an even - odd 

singleword address pair 



In a push word instruction the. first word at location a is read from 
memory. The space and word counts are tested to see if either would result 
in a negative value after one is added to the word count and one is -subtracted 
from the space count. If either would become negative, then the operation is 
terminated, the word and space counts are not updated, nothing is pushed, and 
the next instruction in sequence is executed. If both the space and word 
counts are zero or positive after one is added to the word count and one is 
subtracted from the space count, then the updated word and space counts are 
stored back into location a and the stack pointer word is read from singleword 
location a+1 . The stack pointer is a 24-bit central memory address designating 
the location into which the contents of register AR is then stored. The stack 
pointer is incremented by one and stored back into location a+1. The next 
instruction is executed from the location specified by the program counter 
plus two (skip). No overflow is indicated. Incrementing of the stack pointer 
is carried out using full 32-bit addition. 

Result Code: Not .Affected 



Program Interruption : None 






PULL WORD FROM LIFO STACK (PUL) 

Operation Code 97 

The R-field specifies the arithmetic Type Format 2 

register to be loaded in a pull operation. Operand Forriiat R, 0 N, X 

In a pull v^ord instruction the word Type Addressing ad ' doubleword 

from location a is read. The space and Symbolic Notation (P)-l P 

v/ord counts are tested to see if either ((P)) ^ AR 

viould result in a negative value after j 

one is subtracted from the word count 

and one is added to the space count. If either would become negative^ then the 
operation is teimnnated, the word and space counts are not updated* nothing is 
pulled, and the next instruction in sequence is executed. If both the space 
and word counts are zero or positive after one is subtracted from the word 
count and one is added to tiie space count, then the updated word and space 
counts are stored back into location a and the stack pointer is reed from 
singleword location a+1 . The stack pointer is decremented by one before being 
used to specify a 24-bit central memory address of an operand which is then 
read from memory and loaded into register AR. The decremented stack pointer 
is then stored back into locati on a+1 . The next instruction is executed from 
the location specified by the program counter pi us two (skip) . No overflow 
is indicated. Decrementing of the stack pointer is carri ed out using 32-bits 
of the AU adder. 




MODIFY WORD PAIR (MOD) 

Operation Code 9F 

Modify operates on the word-pair Type Format 2 

described in PUSH. The contents of the Operand Format . R, 0 N, X 

left half of the arithmetic register Type Addressing «d, doubleword 

specified by the R-field is added to the Symbolic Notation (P)+(AR,. )->P 

word count and subtracted from the space | 

count. Execu+ion is forbidden if the result in the word or space count goes 
negative. In this case, the operation terminates and the next successive 
instruction is executed. If both word and space counts result in values which 
are non-negative, the modified v;ord and space counts replace the original 
values in central memory, the halfword arithmetic register value is added to 
the pointer value and the modified pointer is stored in memory and the next 
sequential instruction is skipped. No overflow is indicated. Modification 
of the stack pointer is carried out using full 32-bit addition. 

If the halfword arithmetic register value is negative (2's complement), 
the most recent stack entries are deleted. If the halfword arithmetic regis- 
ter value is positive, a gap of unused stack locations is created. 



Result Code: Not Affected 




None 
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?/ma\ AND LOAD BASE REGISTER VliTH PC (BLB) 

The contents of the program counter plus 
one 1s stored Into the base register specified 
by the R-field and then on unconditional 
branch is taken to the branch address, 8. The 



Operation Code 98 

Type Format 7 

Operand Format R, 0 = N,x 

Type Addressing 8, branch 

Symbolic Notation (PC)+1 BR 



branch address is defined thiO sanse as for the 
branch on comparison instructions. Also, 



8 PC 



the Arithmetic Exception Condition bits 
(D, F, 0, U) are stored into bit 



positions 



the /Arithmetic Exception Mask bits (MD, 
positions 4 thru 7 of base register BR. 



j'-iF , 



0 thru 
MO, f-' 



3 of base register BR and 
are stored into bit 



PrograiTsning note: (BR) appears as shown below after the BLB instruction. 



Base 

Register, BR 



0 

AE COND 
(D,H,0,U) 



8 



31 



■ AE 



(PC) + 1 



Result Code: Not Affected 



Program Interruption : None 





BRANCH AND LOAD INDEX OR VECTOR 
REGISTEIT [BLX) 

The contents of the program counter 
plus one is stored into the index register 
or vector register specified by the R-field 
and then on unconditional branch is taken 
to the branch address, f. The branch ad- 
dress is defined the same as for the branch 
the Arithmetic Exception Condition bits (D, 
tions 0 thru 3 and the Arithmetic Exception 
stored into bit positions 4 thru 7 of index 



Operation Code 99 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



R, 0 = N, X 
branch 

(PC)+1 XVR 
3 PC 



on comparison instructions^. Also, 
F, 0, U) are stored into bit posi- 
lAask bits (MD, , MO, MU) are 
or vector register (XR or VR). 



Programming note : (XVR) appears as shov/n in the diagram for the BLB instruction 

on the preceeding page, with the exception of replacing BR with XR or VR depend- 
ing upon the value of the R-field. 

XVR is XR if the R-field value is 0 thru 7 
XVR is VR if the R-field value is 8 thru F 

Result Code : Not Affected 

Program Interruption : None 
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LOAD EFFECTIVE ADDRESS (LEA) 
OP Code S6 



i Load the effective address 
generated by this instruction into 
'the index or vector register 
■ (XR or VR)» designated by the 
eR-field. The effective address contains 24-bits and is entered into 
bit positions 8 thru 31 of XR or VRh The eight MSB's (0 thru 7) are 
filled vrith zeros. , 



Operation Code 
Type Format 
Operand Format 
Type Addressing 
Symbolic Notation 



56, 52 
1 

R, @ - N, X 
a, singleword 
Op Code 56 a 

Op Code 52 a 



XR or VR 
BR 



OP Code 52 



Load the effective address of this instruction into base register BR, 
designated by the R-field. EA is entered into positions 8 thru 31 of BR. 
The eight MSB's (0 thru 7) are filled with zeros . 



Programming notes : All effective addresses generated by this instruction are 

singlev/ord addresses. When indirect addressing is specified (T-field greater 
than or equal to 8), then multi-level indirect addressing is possible and the 
terminal indiv^ct address will refer to a singleword address (i.e., there is 
no displacement indexing for halfword or doubleword addresses). The indirect 
address format follows the normal indirect format. Indirect address requests 
are tagged as execute requests vdien transmitted to central memory. 

After an LEA instruction for which a - 2F, there is no way to tell whether 
the contents of register R contains a central memory address or a register 
address, except by examining the M-field of the LEA instruction v/hich placed 
the address into register R. 

Result Code : Not Affected 

Program Interruption: None 



138 




INTERPRET (I NT) 



This instruction loads the operation 
code and the R-field of the instruction at 
location a Into arithmetic register AR (even)> 
It also loads the TV M, & N-fiolds of the 
instruction at location a into register 
AR + 1 (odd register location). 



Operation Code 92 

Type Format 1 

Operand Format R, @ = N, X 

Type Addressing a, singleword 

Symbolic Notation (see below) 





" '''^20-31 


^ ^*^0-19 


(«)i2~31 


AR + 1,2_3, 


0 AR -i- 1 



Result Code : Not Affected 

Program Interruption : Specification error if R is odd. 



EXECUTE (XEC) 



Operation Code 
Type Format 
Operand Foniiat 
Type Addressing 
Symbolic Notation 



96 

8 

0 = N, X 
a, singleword 
IR 



(a) 



This instruction executes the instruc- 
tion at location a. The program counter is 
incremented by one following the execution 

of this in$truction. ; 

If the instruction being executed is 

a branch or skip type instruction and the condition for branching or skipping 
is satisfied, the BSC-bit of the BSRregister is set to "one" indicating that 
the branch would have occurred and the instruction following the XEC is exe- 
cuted. A program branch will not occur. 

The memory protection hardware will interpret the request for the instruc 
tion at location a as an execute request. Also, any indirect memory requests 
are tagged as execute requests fthis is true regardless of instruction type). 



Compare Code : Depends on instruction being executed. 

Result Code : Depends on instruction being executed. 

Program Interruption : Depends on instruction being executed. 

Programming No te: If an XEC instruction executes a Branch on Execute Condition 

i nstructi on ( BXEC ) , for which' the LSB of the R-field is one, the BSC-bit of the 
BSR register is reset tozero if BSC was previously true (one) and remains a zero 
if BSC was previously false (zero). If the LS'B of the R-field of the BXEC in- 
struction is zero, then the BSC bit remains unchanged. 
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MONITOR CALL AND PROCEED (MCP) 



Operation Code 90 

Type Format 5 

An MCP instruction stores a single Operand Format I, X 

length logical immediate operand into Type Addressing Immediate 



actual memory location 07. The most Symbolic Notation n -^07 

significant eight bits of location 07 

are stored as "zeros" in accord with 
the logical immediate operand format. 

The immediate operand can be modified 
by the contents of index register X 
v^hen X is not equal to zero. 

The Central Processor signals the PPU that it has executed an MCP in- 
struction via the CP/PPU communications area of the CR~file of the PPL!, and 
then the CP proceeds to the next instruction. 

RESULT CODE : Not Affected 

PROGRAM INTERRUPTION: None 



MONITOR CALL AND WAIT (MCW) 



An MCW instruction stores a 
single length logical immediate 
operand into actual memory location 
07. The most significant eight bits 
of location 07 are stored as "zeros" 
in accord with the logical immediate 
operand format. The immediate operand 
can be modified by the contents of index 
register X when X is not equal to zero. 

The Central Processor signals the PPU that it has executed an MCW in- 
struction via the CP/PPU communications area of the CR-file of the PPU. If 
the PPU is prepared for context switching, then the CP performs an automatic 
exchange intermediate operation thereby exchanging the CP program. If the PPU 
is not prepared for context switching, then the CP halts until such time that 
the PPU initiates a context switch operation. 

RESULT CODE : Not Affected 

PROGRAM INTERRUPTION: None 



Operation Code 94 

Type Format 5 

Operand Format I, X 

Type Addressing Immadiate 

Symbolic Notation n «^07 
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CONVERSION INSTRUCTIONS 



FLOATING TO FIXED POINT CONVERSION 



INSTRUCnOMS 



Floating point wholev/ord numbers can be converted to whole word or 
halfword fixed point numbers. Floating point doubleword numbers can 
be converted to whole word fixed point numbers, 

Scalar conversion instructions acquire the floating point whole word 
operand from arithmetic register AR specified by the R-field of the 
instruction format. Doubleword floating point operands are read from 
doubleword register ARD specified by the R-field with the LSB ignored. 
Register ARD is the even-odd register address pair AR and AR+1 . 

The scale factor or Q-point is supplied as one of tiie arguments for 
the conversion process and is obtained from halfword location ah. Dis- 
placement indexing is applied in the standard manner when addressing 
halfwords. If M = 0 and “h ^ 2F.1, the scale factor is read from an 
absolute halfword register address. The scale factor is a 16-bit signed 
integer and is represented in 2‘s complement notation for negative num- 
bers. The scale factor locates the fixed point result relative to the 
decimal point to the right of the least significant bit (fixed point 
integer format). 

A fixed point whclcwcrd signed integer result is stored into general 
arithmetic register AR. Register AR+1 remains unchanged. A fixed 
point halfword signed integer result is stored into the left half of 
arithmetic register AR. The right half of register AR remains unchanged. 

The algorithm for converting from floating to fixed point is as follows: 

1) Record the sign of the floating point fraction. 

2) Subtract 64-jQ (40)^gx the biased hexadecimal exponent 
to obtain the unbiased hexadecimal exponent, HE. 

3) Multiply HE by 4 (shift left 2 bit positions) to obtain the 
equivalent binary' exponent, BE. BE is 9-bits including sign. 

4) Consider the floating point fraction to be aligned such that 
its MSB (bit position 8) is located in bit position 1 of the 
fixed point output register. 

5) Insert a zero into the sign position (bit position 0) of the 
fixed point output register. 
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6) Add 31 to the scale factor and subtract from this sum the 

Value of BE obtained in step 3 above. This gives the number 
of bit positions that the quantity, G, in tise fixed point 
output register is to be shifted. 



If H - 31 + SF 0, then shift G right H bit positions. 

Insert zeros into the vacated positions at the left end 



;he fixed point output register. Truncation is possible 



in this step when shifting right. 



If H = 31 + SF -- BE < 0, then shift G left H bit positions. 
Insert zeros into the vacated positions at the right end 
of the fixed point output register. Overflov/ is possible 
on this step when shifting left. 

7) If the sign recorded from step 1 was negative, then take the 
2's complement of the number in the fixed point output register. 

8) Store the entire 32-bit fixed point output register into the 
whole word arithmetic register specified by the AR-field if 
the instruction specified a whole word result. Store the 
least significant 16-bits of ‘the fixed point output register 
into the left half of arithmetic register AR if the instruction 
specified a halfword. 



Several examples are given in Figure 1 for both whole and half word re- 
sults. Half word results are chosen from the sixteen LSB's of the fixed 
point integer. In the example, half length conversions would overflow 
for any scale factor from -256 to +3. Figure 2 shows the same examples 
for a negative floating point input. The results in Figure 2 are the 
two's complement of the results in Figure 1. It should be noted however 
in Figure 2, the result of two separate conversions with a scale factor 
difference by one does not of necessity yield identical results shifted 
one position with respect to each other. This is due to the loss of 
some significance past the LSB and is related to a round-off problem. 
Scale factors of 000000000 and 000000001 in Figure 2 demonstrate this 
fact. 
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00001 oon 

- to - 
011111111 
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SIGN 



EXPONENT 



Floating Point Operand filOO 01 01 



Scale Factor (Input) 



lOOOOOQOO I 
“ to “ ( 

iiniooii ) 



[ 

innoioo j 


1 1001 1 


1 0001 








111110101 


1100 


1000 








innoiio 


1110 


0100 


1 

1 

1 






000000000 


nil 


nil 



000000001 I nil i nil 



I 

000010010 



000010011 1 
“to - / 

oiiniiii; 



nil nil 



0000 0000 



Figure 
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CONVERT FLOATING POINT TO 
FIXED POINT WORD (FLFX) 



The floatiruj whole word 
operand to be converted is 
read from arithmetic register 
AR. The scale factor used 
in the conversion process is' 
read from halfv/ord address 



Operation Code 
Type Format 
Operand Format 
Type Addressing 



AO 

2 

R, 0 N, X 
ahj halfword 



After conversion, the fixed point whole word signed integer is 
stored into arithmetic register AR. 



AR 

AR 



32-bits 

Floating SL 



32-bits 

Fixed 



SL 



16-bits 
Scale factor 



Arguments 



Result . 



Result Code : The result code (RL, RG, RE) is set according to the 

arithmetic value of the result in register AR as follows: 

Negative (1, 0, 0) 

Positive • (0, 1, 0) 

Zero (0, 0, 1) 

Program Interruption : Fixed point overflow. 
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Result. Code : The result code (RL, R6, RE) is set according to the 

arithmetic value of the result in the left half of register AR as 
follows: 

Negative (1, 0, 0) 

Positive (0, 1, 0) 

Zero (0, 0, 1 ) 

Program Interruption : Fixed point overflow. 
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CONVERT FLOATING POINT DOUBLEWORD 
TO FIXED POINT SINGLE WORD (FDFX) 



Operation Code 
Type Format 

The floating point doubleword Operand Format 

operand to be converted is read Type Addressing 

from doubleword register ARD. The * 

scale factor used in the conversion 
process is read from halfword address 



A2 

2 

R, @ N, X 
csh, halfword 



After conversion, the fixed point whole word signed integer result 
is. stored into arithmetic register AR. 



ARD 



64-bits 



Floating 



DL 



AR 



AR+1 



16-bits 



Scale factor 



AR 



32-bits 



Fixed 



SL 



> Arguments 

/ 



Result 



Result Code : The result code (RL, R6, RE) is set according to the 

arithmetic, value of the result in register AR as follows: 

Negative (1, 0, 0) 

Positive (0, 1, 0) 

Zero (0, 0, 1) 

Program Interruption : Fixed point overflow. Specification error if 

R-field is odd. 
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FIXED TO FLOATING POINT CONVERSION INSTRUCTIONS 



Fixed point whole or halfword numbers ran be converted to v/hole or 
doubleword floating point numbors. 

Scalar conversion instructions acquire the fixed point v<hole word' 
signed integer operand from arithmetic register AR. Halfv/ord fixed 
point signed integer operands are read from the left half of arithmetic 
register AR. 

The scale factor or Q-point is supplied as one of the arguments for 
the conversion process and is obtained from halfword location . Dis- 
placement indexing is applied in the standard manner when addressing 
halfv^ords. The scale factor is a 16-bit signed integer and is repre- 
sented in 2's complement notation for negative numbers. The scale 
factor for these conversions establish the appropriate exponent for 
the floating point number. The unbiased hexadecimal exponent range 
is -64 < HEX. EXP. <+63. Floating point exponent overflow and under- 
flow will be detected if a scale factor results in a hexadecimal ex- 
ponent outside the range following the conversion operation. 

A floating point whole word result is stored into arithmetic register 
AR. A doubleword floating point result is stored into the doubleword 
register ARD. ARD is the even.-odd register address pair AR and AR + 1 . 

The algorithm for converting fixed point to floating point number 
representation is as follows: 

1) Determine the sign of the fixed point signed integer 
to be converted. If the sign is negative, take the 
2's complement of the fixed point number. The sign 
information is saved. If the fixed point operand is 
a halfword, it is entered into the right half of the 
whole word register leading to the arithmetic unit 
(AU). The sign of this halfv/ord operand is extended 
16-bits into the most significant half of tfie register 
leading to the AU. The AU may now operate as though 
all fixed point operands are whole word (32-bit) signed 
integers. 

2) Move the decimal point from its position to the right 
of the LSB for integer representation to the left of 
the MSB of the 32-bit register containing the operand 
from 1 above. The number is nov^ in fractional repre- 
sentation. This operation is accomplished simply by 
adding 32 to the scale factor. 
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3) Perform a floating point normalize operation on the 
fixed point fraction by shifting the fraction left 
by a multiple of four bit positions such that the 
most significant four bits contain at least one "1". 

Four is subtracted from the scale factor for each 
multiple of four bit positions that the fraction is 
shifted. 

4) The fraction is shifted left the number of bit posi- 

tions specified by the tv/o LSB's of the scale factor 
(0 = (00), 1 = (01), 2 - (10), 3 = (11), providing 

that this shift would not cause overflow. If an over- 
flow condition exists, then the fraction is shifted 
right by an amount equal to zero for (00), one for (11), 
two for (10), and three for (01) and the scale factor 

is incremented by four. 

5) The scale factor is shifted right two bit positions 
(equivalent to division by four) and then addition 
of the shifted scale factor and +64 = (1,000,000) is 
taken modulo 128. The result is placed in the biased 
hexadecimal exponent position of the floating point 
output. 

6) The fraction is entered into the floating point fraction 
position of the output and the sign information saved in 

. step 1 is placed in the MSB position. The floating point 
number is stored into register AR if a whole word and into 
doubleword register ARD if the result is specified to be 
a doubleword. 

Figures 3 and 4 demonstrate the types of result to be obtained 
through use of a fixed to floating instruction. Halfword operands 
will be inserted into the sixteen LSB's with the sign bit extended 
into the sixteen MSB's. If the number to be converted is negative, 
a two's complement operation is performed in the AU before proceed- 
ing with alignment. This insures that the floating point magnitude 
will be the same if two fixed point numbers which are the two's 
complement of each other are converted by a fixed to floating in- 
struction. Detection of exponent overflow or underflow will set 
the corresponding Arithmetic Exception Code. 
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FIXED POINT INTEGER ol 1 l"mToOoTIri 1 0 foVl o] 01 01 Oil ll 01 CD 



I i L 



SCALE FACTOR (INPUT) 

mi 00000 



FLOATING POINT RESULT 



EXPONENT 



0100 0000 001 01 noi oooi iiio oiioioioi 



111100001 



Uloojoooo 0101 1 1010 1 0011 iioolmo loioj 



niiooolo 



0100|0000jl011 j0100|0111 lOOljlOOl 0100 



111100011 



I 0100|00C1 lOGOl |0110|1D00|1111 jOOll jOOlO 



iinooloo 



moo 0001 0010 1101 0001 hiioloiioloim 



Fiqure 3 



FIXED POINT INTEGER 



im nil hm 1001 0111 oioo hoooioioi 



SCALE FACTOR (INPUT) 



nn 00000 



FLOATING POINT RESULT 



EXPONENT 



1011 1101 jono iDoolion [om loiiloooo 



nn 00001 



1011 noi noi 0001 onolnn ono oooo 



nnoooio 



lonhno oooi hoio ooio noi mo noo 



111 moon 



1011 jniO 0011 0100 0101 1011 llOl IQOO 



nnooioo 



1011 ino 0110 1000 ion om ion oooo 
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CONVERT FIXED POINT TO 
FLOATING POINT WORD (FXFL) 



The fixed point whole 
vrord operand to be converted 
is read from register AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 



A8 

2 

R, 0 N, X 
ah, halfword 



The scale factor, used 

as an argument in the conversion, is read from halfword address 



After conversion, the normalized floating point whole word result 
is stored into register AR. 



32- bits 



AR 



Fixed SL 



32-bits 



AR 



Floating • SL 



16-bits 



Scale factor 



Arguments 



Result 



Result Code : The result code (RL, RG, RE) is set according to the 

arithmetic value of the floating point result in register AR as 
follows: 



Negative 

Positive 

Zero 

Program Interruption : 



( 1 . 0 , 

( 0 , 1 . 0 ) 

( 0 , 0 , 1 ) 

Floating point overflow. 
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CONVERT FIXED POINT WORD 
TO FLOATING POINT DOUBLEWORD (FXFD) 



The fixed point whole word 
operand to be converted is read 
from register AR. 



Operation Code 
Type Fermat 
Operand Format 
Type Addressing 



AA 

2 

R, @ N, X 
ah, halfword 



The scale factor, used as an 

argument in the conversion, is read from halfword address a^. 



After conversion, the normalised floating point doubleword result 
Is stored into doubleword register ARD. 



AR 



ARD 



32-bits 



16“bi ts 




Arguments 



Result 



Result Code : The result code (RL, RG, RE) is set according to the 

arithmetic value of the floating point result in register ARD as 
fol 1 ows : 

Negative (1, 0, 0) 

Positive (0, 1, 0) 

Zero (0, 0, 1) 



Program Interruption : Floating point overflow. 

Specification error if R-field is odd. 
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CONVERT FIXED POINT HALFUURD 
TO FLOATING POINT WORD (FilFL) 



The fixed point haifv/ord 
operand to be converted is read 
from the left half of reqister 
AR. 



Operation Code 
Type Format 
Operand Format 
Type Addressing 



A9 

2 

R. @ N, X 
ah, halfword 



The scale factor is read from halfword address 

After conversion, the normalized floating point whole word result 
is stored into register AR. 

16-bits 16-bits 



AR 



Fixed HL 



Scale Factor 



Arguments 



AR 



■ 32-bits 
Floating SL 



Resul t 



Result Code : The result code (RL, RG, RE) is set according to the 

arithmetic value of the floating point result in register AR as follows; 

Negative (1, 0, 0) 

Positive (0, 1 , 0) 

Zero (0, 0, 1) 

Program Interruption : Floating point overflow. 
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CONVERT FIXEF3 POINT HALFWORD 
TO FLOATING POINT DOUBLEWORD (FHFD) 



The fixed point !ialf 
length operand to be con- 
verted is read from register AR. 



Oparation Code 
Type Format 
Operand Format 
Type Addressing 



AB 

2 

R, 0 N, X 
ah, halfword 



The scale factor is read from halfword location 



After conversion, the normalized floating point double length result 
is stored into double length register ARD. 



AR 



16-bi ts 
Fixed HL 



“h 



16-bits 

Scale factor : 



Arguments 



ARD 



64-bits 

Floating DL 



Result 



Result Code : The result code (RL, -RG, RE) is set according to the 

arithmetic value of the floating point result in register ARD as follows: 

Negative {1, 0, 0) 

Positive (0, i, 0) 

Zero (0, 0. 1) 



Program Interruption : Floating point overflow. 

Specification error if R-field is odd. 
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NORflALIZE FIXED POINT 
WORD (NFX) 



The fixed 
word number to 
is read from 
tion a. 



point whole 
be normalized 
loca- 



Operation Code 
Type Format 
Operand Format 
Type Addressing 



AC 

2 

R, 0 N, X 
a, singleword 



After normalization, the fixed point whole word result is stored 
into the left half of doubleword register ARD. The scale factor, 
equal to the number of bit positions that the fixed point number 
was shifted, is stored into the right quarter of doubleword register 
ARD. Zeros are entered into bit positions 32 through 47 of (ARD). 



The fixed point number has been normalized when the two most 
significant bit positions differ, (0, 1) or (1, 0). If the fixed 
point number was initially zero, it is considered normalized and 
the scale factor (or shift count) is zero. The shift count is 
stored as a negative number or zero for all normalizations. 



ARD 




Operand 



Result 



Result Code : The result code (RL, RG, RE) is set according to the 

arithmetic value of the result in the left half of doubleword register 



ARD as follows: 




Negative 


(1. 0, 0) 


Positive 


(0, 1,0) 


Zero 


(0. 0, 1) 


Program interruption : 


Specification error if R-field is odd. 
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NORMALIZE FIXED POINT 
HALFWORD (NFH) 



The fixed point half 
length number to be normalized 
is read from halfword location 



Operation Code 
Type Format 
Operand Format 
Type Addressing 



AD 

2 

R, 0 N, X 
halfvJord 



into the 
R- field. 



After normalization, the fixed point half length result is stored 



left half of the single length register specified by tti6 

into the right half of register AR. 



AR 



The scale 


factor is 


stored ' 


0 


15 






j Fixed 

i 


hlh 


1 


0 


15 




31. 


Fixed 


HL ' 


SF 


t 

1 



Operand 



Result 



Result Code : The result code (RL, RG, RE) is set according to the 

arithmetic value, of the result in the left half of register AR as 
follov/s: 



Negative 


(1, 0, 


Positive 


(0, 1, 


Zero 


(0, 0, 


Program Interruption; 


None. 
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VFXTOR INSTRUCTIONS 



INSTRUCTION FORMAT 



A vector instruction appearing in the instruction fetch unit has the 
format shovm below. 




Hq H3 Hg Hg 



The instruction serves to convey: (1) the fact that this is a vector in- 

struction and, (2) the location of an eight word vector parameter list in 
central memory. These eight words are loaded into the vector parameter reg- 
isters assigned to locations 28 through 2F (hexadecimal) and are used for 
further definition of the vector operation. The vector parameter registers 
are loaded as part of the vector instruction. 

® 0P-field 



The operation code field specified that a vector instruction 
is to be executed. The exact nature of the vector instruction 
is contained in the vector parameter file. 

e R-field 



The R-field indicates whether information for the vector 
parameter file (VPF) is read from central memory as part 
of the vector initialization procedure or retained from a 
prior setting. 

® R-field 



X X X 0 Load VPF from central memory 

X X X 1 Use current parameter file 

If R = 1, the current status of the vector parameter file 
is retained for the current instruction. A memory cycle to 
access a new parameter list is not executed under this con- 
dition. 

• T-field 



The T-field is an address modifier tag that may be decomposed 
into an indirect addressing bi+ I, and a 3-bit index register 
designator, X. The table below represents the address as a 
function of the N-field and the T-field. 
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i 

T ■ 


I 

1 Address type 


1 

Virtual 

1 Address of VPF 


0 


1 Direct address 


i “b 


1-7 


1 

1 Indexed address 


1 «b " n) 


8 


1 Indirect address 


\ '“b> 


9-F 


1 Indexed indirect 

i 

1 


1 (N^ t (T-8)) 

1 



where = N + (M) 



Note that when an address refers to an octet of central 
memory (as for the case when loading the vector parameter 
file) the three least significant bits of the address are 
forced to zero after indexing and indirect addressing. 

This says that a memory octet cannot cross memory word 
(256~bit) boundaries. 

The index registers designated by X are those assigned 
to register location 21 through 27 (hexadecimal). 

* M & N- field 

The M-field is a base register designator which selects 
one of 15 registers assigned to locations 1 through 
The N-field displacement is added to the base address'"^' 
when no indexing is used, also when indexing is used, 
provided M 0. The N-field is added to the base address 
and the index register when indexing is used. Base ad- 
dressing is not used when M = 0. 

The VPF address generated for VECT is standard a addressing 
developed from the T, and N fields to specify an octet 
location of a vector parameter file to be loaded into the 
VPF registers prior to the execution of the vector instruc- 
tion. The addressing convention of VECT is identical to 
that of scalar instructions. Addressing of vectors from 
the vector parameter file is different and is described on 
the next few pages. 




PARAMETER FILE FORMAT 




Hex 



Reg 


Character 


Field 


Description 


28 


' Uo-»i 


0PR 


Operation code 


28 


ALCT 


Arith. 1 Log. Comparison T( 


28 




SV 


Single-valued vector 


28 




:l 


Vector dimension 


29 




XA 


Initial index A 


2A 


XB 


Initial index B 


2B 


xc 


Initial index C 


29 


H.-H? 


SAA 


Starting address A 


2A 




SAB 


Starting address B 


2B 




SAC 


Starting address C 


29 


Hq-H? 


(29) 


Immediate operand A 


2A 


(2A) 


Immediate operand B 


2A 


HS 


Halfword starting addr. 


2B 




VI 


Vector increment direction 


2C 

2C 

2D 


H -H 
H4-H5 


DAI 
DBI 
DC I 


t A A^ , inner loop 
A b| , inner loop 
- C^. , inner loop 


2D 


H4-H7 


NI 


Inner loop count 


2E 


HQ-H3 


DA0 


- A Aq, outer loop 


2E 


HJ-HJ 

»0-«3 


DB0 


- A B«. outer loop 
t ACq, outer loop 


2F 


DC0 


2F 


H4-H7 


N0 


Outer loop count 



Vector Parameter File Format 159 
Section B3 





5)PR. OPERATION CODE 



0PR-f1eld - specifies the vector operation to be performed. 
SV. INSTRUCTION VARLATIONS 



SV-field - specifies the type of addressing for single-valued vectors. 



Register 28 

Bit PositiOiis I2,l3 s 14, 15 
X 0 X X 
X 1 0 0 
X 1 0 I 
X I 1 0 
X 1 1 1 



Vector A 


Vector 


DV 


DV 


DSVV 


DV 


DV 


DSVV 


ISVV 


DV 


DV 


ISVV 



where 

DV '= Directly addressed vector 

OSVV = Directly addressed single-valued vector 

ISVV = Immediate single-valued vector 

Vector A is said to be directly addressed when the starting address 
for that vector is determined by the contents of the 24-bit address field 
of register 29. (Bits 8 through 31, labeled SAA). Vector B is directly 
addressed by the contents of the 24-bit address field (labeled SAB) of 
register 2A. The XA and XB fields of registers 29 and 2A must be zero for 
non-indexed direct addressing of vectors A and B. 

Indexed direct addressing is implied for the DV and DSVV cases when 
the XA and XB fields of registers 29 and 2A are non- zero. Any one of the 
seven index registers in locations 21 through 27 may be used to index the 
starting address of vector A or B. The index register selected is specified 
by the XA and XB fields similar to the selection used by the T-field for 
scalar instructions. In the case of vector addresses, the three LSB's 
of XA and XB select an index register which is added to the starting 
address of vectors A and B, respectively. The most significant bit of 
XA and XB is ignored (i.e., indirect vector starting addresses are not 
permitted) . 

Immediate operand A is the 32-bit contents of register 29, when SV = XllO. 

Immediate operand B is the 32-bit contents of register 2A, when SV = Xlll. 
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SV -field description: 



Bit 12 is used to specify the product length options for vector raltiply 
and vector dot product operations. It also specifies the dividend length for 
vector divide instructions. See lengtfi option table following the vector divide 
instruction. 

A "zero" in bit 13 indicates th,at the addresses of both A and B input 
vectors are automatically incremented by the self loop or by the inner and outer 
loop operations regardless of the value of the other three bits of SV. 

A "one" in bit 13 and a "zero" in bit 14 (xlOx) indicates the self loop 
does not increment the input variable specified by bit 15. Incrementing vector 
address B is disabled when bit 15 = 1. The starting addresses for vectors A 
and B is indicated by the contents of register 29 and 2A in the standard manner. 
Inner and outer loops incrementing occurs in the normal manner when bit 13 = 1 
and bit 14 = 0 (xlOx). This means that a directly addressed single-valued 
vector can be used as a constant argum.ent during the next self -loop following 
an inner or outer loop by specifying a non-zero delta increment for the input 
variable specified by bit 15 (designated DSVV in the table on the preceding 
page). 

A "one" in bit 13 and a "one" in fait 14 (XllX) disables vector address in- 
crementing in all loops (self loop, inner and outer loops) for the input variable 
specified by bit 15. For this case, the contents of vector parameter register 
29 or 2A is interpreted as the value of the immediate operand. In addition, the 
word length of the immediate operand will depend on the word length of the vector 
instruction as specified by the operation code. 

If the vector instruction is a fixed point half length operation, the im- 
mediate operand is the contents of bits 16 through 31 of register 29 or 2A 
(Register 29 if SV = xllO and register 2A if SV = xlll). 

If the vector instruction is a fixed or floating point single length 
operation, then bits 0 through 31 are interpreted as the immediate operand. 

If the vector instruction is a floating point double length operation, the 
bits 0 through 31 are interpreted as the. left half of the double length imme- 
diate operand and bits 32 through 63 of the immediate operand are zero. Imme- 
diate operands for vector instructions may not be indexed by the contents of 
the Index register specified by XA or XB. 

ALCT, ARITHMETIC AND LOGICAL COMPARISON TEST 

The ALCT field, located in hexadecimal character H2 of vector parameter 
register 28, specified the test criteria which is applied to the results of 
the vector comparisons to determine which elements of vector A are stored 
in the output vector. See the instruction descriptions for Vector Arithmetic 
Comparison and Vector Logical Comparisons for further details on the function 
of the ALCT field. 

L, VECTOR LENGTH 

L-field specifies the length of the vector operation (self-loop dimension). 
The maxiimim length is 2'° - 1 = 65, 535 elementary operations. 
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XA, XB, AND XC-FIELDS 



These fields specify the index register which may be used to modify 
the starting addresses of the A, B, and C vectors. The index registers 
specified by the 3 l.SB‘s of the XA, XB, and XC fields are the saine as those 
used by the scalar instructions (registers 21 through 27). 

If the vector instruction is a fixed or floating point single length 
operation, then the contents of index registers XA, X6, and XC specify a, 
singleword displaceaient which is added to the singleword starting address 
expressed by SAA, SAB, and SAC. Let the indexed starting addresses for 
vectors A, B, and C be denoted by lA, IB, and IC. Then, for indexed single- 
word vector operations: 



I A = SAA + (XA) 

IB = SAB + (XB) 

IC = SAC + (XC) 

If XA, XB, or XC are zero, then the starting addresses SAA, SAB, and SAC 
are not indexed. 

HALF LENGTH ELEMENTS AMD HS-FIELD 

If the vector instruction is a fixed point half lengtti operation, then 
the contents of index register XA, XB, and XC specifies a halfword memory 
address increment which is added to the singleword starting address expressed 
by SAA, SAB, and SAC. For the cases '.where it is undesirable to use up to 
three additional index registers to supply a halfword vector address dis- 
placement but where it is necessary to start a vector operation from an odd 
halfv/ord memory address (the right half of a central memory singleword), 
the HS-field is provided in the most significant hex character (Hq) of 
register 2A. The least significant three bits (bits 1, 2, and 3) of 
hex character Hq of register 2A provide a means of displacing the single- 
word starting addresses (SAA, SAB, and SAC) by one halfword address. If 
an index register is not used, then a "one" in bit position 1, 2, and 3 
of the HS-field will specify a starting address in the right half of cen- 
tral memory singleword address SAA, SAB, and SAC, respectively, providing, 
of course, that a half length vector operation is ordered by the OPR-field. 

If an Index register is not used and a "zero" is in bit position 1, 

2, and 3 of the HS-field, then the left half central memory singleword will 
be selected as the initial operand for vectors A, B, and C, respectively. 

If an Index register is used, then the even or oddness of the sum of 
(XA) + HSA, (XB) + HSB will determine whether the left or right half of a 
central memory word is selected for the initial halfword vector element. 
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An odd sum refers to the right half word, whereas an even sum refers to the 
left half word. HSA is in bit position 1 of register 2A (the second most 
significant bit position), HSB is in bit position 2 and HSC is in bit posi- 
tion 3. For halfword vector operations, the indexed halfword starting ad- 
dresses of vectors A, B, and C are: 

I A = SAA ^ 2 + (XA) + HSA 

IB = SAB X 2 + (XB) + HSB 

1C - SAC 2 -i- (XC) + HSC 



DOUBLE .LENGTH ELEMENTS 

If the vector instruction is a floating point double length operation, 
then the contents of index registers XA, XB, and XC specify a doubleword 
displacement which is added to the singlev/ord starting address expressed by 
SAA, SAB, and SAC. The least significant bit of SAA, SAB, and SAC is ignored 
when generating a doubleword vector starting address. Vector doubleword ele- 
ments must be stored in even-odd central memory address pairs. For double- 
word vector operations the indexed doubleword starting addresses of vectors- 
A, B, and C are: 

lA = + (XA) 

IB = + (XB) 

IC - + (XC) 



The most significant bit of the HS-Field of the vector parameter file pre- 
viously was not used. 

This bit is used to delete the indices from the output array for the eight 
Vector Compare (VC) instructions and the four Vector Peak Pick (VPP) instructions. 

When the MSB of both the HS-field and che Vl-field are "zero", the output 
array for these vector instructions is as described on page 171 of Section B3 
of this Hardware Manual. 

When the MSB of the HS-field is "one", only the item counts after each self 
loop completion are stored. All of the indices are deleted. Delta increments 
for the inner or outer loop are applied to the three vector addresses after each 
self loop completion. The delta C increment is applied to the address of the 
item count, and not to the location of the last index value as it would have 
been had the indices been stored. 



Vector Parameter File Format 1£ 
Section B3 




VI, VECTOR SELF-LOOP INDEXING DIRECTION 



The VJ-field provides additional information for the vector index units. 
f\ "one" in bit position 1 (2,3) of register 2B specified that vector ad- 
dress A (B,C) is decremented by unity after each elementary operation of 
a vector instruction (useful for convolution, etc.). A "zero" causes the 
nonnal forward incrementing of vector addresses by unity. 



The most significant bit of the VI- field of the vector parameter file is 
used to delete the item counts (except for the first item count) from the C 
output vector of Vector Compare (VC) and Vector Peak Pick (VPP) instructions. 
This applies to all four word size formats of the Vector Arithmetic Comparison 
and Vector Peak Pick instructions, and to the four Vector Logical Comparison 
instructions. 

When the most significant bit of both the VJ-field and the HS-field are 
"zero", the output array for these vector instructions is as described on 
page 171 of Section B3 of this Hardware Manual. 

When the MSB of the Vl-field is "one" , the item count stored at the begin- 
ning of the output array is the total item count for the compl ete vector and 
is equal to the sum of all the item counts for each inner and outer loop that 
would have been stored had the MSB of the Vl-field been"zero". All other item 
counts , except the one at the beginning of the output arry , are deleted. All 
that remains . following the beginning total item count, is a list of indices 
for each element where a comparison true is detected for Vector Compare 
instructions or where a peak or valley is found for Vector Peak Picking instruc- 
tions. If inner or inner and outer loops are invoked, then the indices are 
not reset at the beginning of each new self loop, but continue to i ncrement 
throughout the entire vector. 

If the delta C increment for both inner and outer loops is unity, then 
a continuous output of indices is stored in consecutive halfword locations 
for VC and VPP instructions. In the case of VPP instructions, the normal 
peak isolation which occurs between two succesive self loops when the MSB 
of the Vl-field is "zero" does not exist when this bit is "one". This allows 
one to set the s^lf loop length to. one (L=l ) and find peak in a vector by 
sampling every n th data point, i .e. delta A for the inner loop is equal to n. 

In addition to the deletion of indices for Vector Compare and Vector 
Peak Picking instructions, setting the MSB of the Vl-field to "one" in a 
Vector Dot Product or Vector Search instruction reduces these instructions 
to one which produces a singular output regardless of the number of inner 
or outer loops specified. That is, a Vector Dot Product (VDP) produces one 
scalar output which has as its value the sunmation of all c. elements v^hich 
would have been produced from each self loop of the VDP with inner or inner 
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and outer loops had the most significant bit of the Vl-field been "zero." 

The delta increments for the A and B input vector are applied at each turn 
of the loop, but the arithmetic unit does riOt receive the "end of self loop" 
signal and consequently does not reset its internal accumulator that is 
summing the individual products. 

For the Vector Search instructions, a single index value results which 
represents the location of the element meeting the search criteria regardless 
of the number of inner or outer loops employed. For example, an entiye matrix 
array could be searched for its largest arithmetic element, even in cases 
where address increments are required to move to the next row or column at 
inner or outer loop turning points. The index value of the result is a measure 
of the total number of elements tested up to the one meeting the search criteria. 

The index value may overflow its maximum range if the product of the num- 
ber of self loops times the number of inner loops times the number of outer 
loops is greater than or equal to for the Vector Seard), Compare, and Peak 
Pick instructions when the MSB of the Vl-field is "one." Also, for the Vector 
Compare and Peak Pick instructions the total item count will overflow if the 
total number of true comparisons exceeds 2l6 _ ■] ^ 

Consider an example of the VI and HS-field MSB usage with a Vector Compare 
instruction. Given matrix A which is a 4 by 3 array of el ements and B which is 
a row vector of length 3. Vector B is to be compared with the rows of A for 
arithmetic equals. The inner loop count is set to 4. Four cases are presented, 
one for each of the four settings of the VI and HS most significant bits. Item 
count values are enclosed by a square. 



[A] 



[B] 



Vector Parameter File 

OP = Vector Arithmetic Compare for Equal 

ALCT = 1 

SV = 0 

L = 3 

DAI -- 1 

OBI = -2 

DCI = 1 

NI = 4 

DAO = 0 

DBO = 0 

DCO = 0 

NO = 0 



1 2 3 

_ 1 2 0 

~ 1 0 3 

0 2 3 _ 

= [l 2 3] 
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'^^nisb Vector Output (Each element represents 

a halfword) 

0 0 [TlO 1 2[2!0 1 m 0 2 l2} 1 2 

0 1 il'0123468 10 n 




NI AND M0, LOOP COUNT 

Nl-field specifes the inner loop count or the number of times that a 
given vector instruction is to be executed in an inner loop. Loop counting 
is done internally in the index unit, only the initial inner loop count is 
supplied by the Nl-field. If NI is zero, the self loop routine is executed 
once, there is no inner loop, and tiiti outer loop count (Np) is net exanrlnod. 
If NI is one, the self loop routine is executed once, there is no inner loop 
address modifications, and the outer loop is executed N0 times. If NI is 
any value other than 0 or 1 , the specified vector operation is executed NI 
times and then the outer loop is executed, this process is repeated until 
the outer loop counter equals zero. 
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N^-field specifies the outer loop count or the number of times that 
the inner loop routine is to be executed. Here again the loop counting 
is accomplished by hardv^are in the index unit and only the initial outer 
loop count is supplied by the N0-field, A branch to the outer loop is 
taken each tinie the inner loop counter (LPCI) in the index unit reaches 
zero. The LPCI is reloaded v.’ith the value in the NI -field and the outer 
loop counter (LPC0) is decremented by one each time the outer loop is 
taken. The compound vector instruction is completed when the outer Toop 
count in LPC0 reaches zero. If N0 is zero or one, the specified vector 
operation is executed NI times and then the operation is terminated. If 
N0 is any value other than zero or one, the specified vector operation 
is executed MI times and then the outer loop address modifications occur, 
the inner nested loop is repreated. This process continues until the outer 
loop counter equals zero. Refer to the flow chart for an illustration of 
the vector loop procedure. 

DAI AND DBI -FIELDS 



These fields specify the address increments for vectors A and B 
follov/ing each vector operation during an inner loop. The increments 
are not added to tiie addresses SAA and SAB contained in registers 29 and 
2A, but instead are added to the address registers lA and IB contained 
with the MBU. The addition is accomplished using the addition hardware 
of the MBU. Increments may be positive or negative 2's complement 16-bit 
numbers . 



lA ^ (lA) 
IB (IB) 



+ aA^ 
+ aB^ 



)> inner loop 



For single length vector operations, the lA and IB addresses are 
initially equal to SAA + (XA) and SAB + (XB), respectively. In this 
case, DAI and DA0 are singleword address increments. Inner and outer 
loop increments are applied to the terminal address of each self loop. 
This terminal address is equal to the self loop initial address plus L-1. 



Inner and outer loop increments for half length vector instructions 
represent halfv/ord address increments. Inner and outer loop increments 
for double length vector instructions represent double length address 
increments. This is similar to the displacement indexing applied to 
scalar addressing, the increments are shifted right one bit for halfword 
operations and left one bit for doubleword operations before being added 
to the terminal self loop address in the index unit. 



when the E'/- field equals XI 00, the elements of Vector A remain con- 
stant during the self loop (i.e., L times). The constant value K is ac- 
quired from the contents of central memory location SAA + (XA) initially. 
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Then if the inner loop count NI is greater than one, the address I A = SAA + (XA) 
is incremented by DAI or possibly DAf) (if N?) > 1). The self loop is again ex- 

exuted L times with the ijew value of K, The number of different values of K 

which may be acquired using both inner and outer' loop features is equal to NI 
times N0. 

When the SV -field equals XI 01, the elements of vector 8 remain constant 
during the self loop. The constant value K is acquired from tiie contents of 
CM location SAB t (XB) initially. If inner and outer loops are specified, 
then this address is incremented by D8I or DB0. The self loop is again ex- 
ecuted L times with the new value of K. The number of different values of 

K which may be acquired using both inner and outer loop features is equal to 

NI time N0. 

Note that the addresses S.AA + (X/A) and SAB -i- (XB) represent singlcword 
addresses. See the starting addresses listed under the description of the 
XA, XB, and XC field for halfwnrd and doubleword starting address definitions. 

When the SV -field equals XllO or XI IT, the elements of vector A or B 
(respectively) remain constant during the self loop, inner loop, and outer 
loop. The immediate operand from register 29 or 2A is used throughout the 
entire vector operation, including all inner and outer loop. 

DA0 AMD DB0-FIELDS 

^ * 

These fields specify the address increments for vectors A and B following 
the vector operation for which the inner loop count has reached zero. The 
Increments are added to the address registers lA and IB contained within the 
pSU. The same statements for half and double length vector operations apply 
here as they did for the DAI and DBI fields. 

lA (lA) + 

IB ^ (IB) + aBq 

DCI AND DC0-FIELDS 

DCi-field specifies the address increment, aC . , for the output vector 
address following each vector operation duing an ^ inner loop. 

When a vector dot product operation is specified by the 0PR-field, the 

C address in the index unit is not modified, since only a scalar result is 

stored. Therefore, if looping is desired the DCI field must indicate an 
"increment for the C address. 

DCO-field specifies the address increment, aCq, for the output vector 
address after each Inner loop routine has been completed. DCI and DC0 are 
shifted right or left one bit position prior to addition in the index unit 
for halfword or doubleword vector instructions. 

An increment K will index a vector address by K halfwords, single- 
word, or doublewords depending on the word size of the vector operation 
which is specified. The flow chart below illustrates the procedure for 
a vector instruction with inner and outer loops. 



outer loop 

(singleword incrementing shown) 
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INSTRUCTION CHARACTERISTI CS 

The vector instructions are described with the undej-s tending that 
four different data formats apply to each instruction (except for logical 
and shift instructions). 

DATA FORMATS 

a) Fixed point, single length, 32-bit word 

b) Fixed point, half length, 16-bit word 

' c) Floating point, single length, 32-bit word 

d) Floating point, double length, G4-bit word 

Vector instructions have the following general characteristics; 

VECTOR LENGTH 

The dimension of the argument vectors A and B and the result vector C 
is specified by the L-field of the vector parameter registers 
of register 28). If the L-field equals zero, the vector instruction 
becomes a no operation. If the L-field equals one, the vector in- 
struction is equivalent to a scalar operation, although the inner 
and outer loop features may still be incorporated if desired. If 
the L-field is any value other than zero or one, the vector opera- 
tion specified by the 0PR-field is executed as described in the 
vector instruction descriptions. The maximum length is 216-1. 

ADDRESSES 



The elements of vectors A and B are read from consecutive memory 
locations. The result vector C is stored into consecutive loca- 
tions. The addresses for the initial vector elements (a^ b^ and 
c-j ) are determined from the vector address parameters contained in 

29, 2A, and 2B. Vectors A, B, and C cannot address the register file. 
An address 2 2F references central memory. 

SINGLE VALUE VECTORS 

An instruction with an SV-field which specifics a single valued 
vector operation, has as its result a vector c, 
where t = (Cp c^y c^ c^) 

with c^ = k operation b.. 

■ for SV = XlOO or XllO 
and c^. = a.j operation k 
for SV = XlOl or XI 11 
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SV 


k value 


XlOO 


Contents of location lA 


XlOl 


Contents of location IB 


XI 10 


Contents of register 29 


xni 


Contents of register 2A 



The most significant bit of the SV-fie1d is ignored except v^hen it 
is used to specify the product length for multiply or dividend length 
for divide operations. 

For SV = XlOO, K is the contents of location lA initially, where lA 
is equal to: 

lA = SAA + (XA) single length operations 

lA = SAA X 2 + (XA) + HSA half length operations 

lA = SAA (XA) double length operations 

When the inner and outer loop feature is used, the subsequent 
single-valued operands for the self loops are acquired from 
central memory locations lA, where lA is modified by the loop 
increments . 

lA (lA) + DAI If inner loop 

lA (lA) + DA0 If outer loop 

For SV = XlOl, K is the contents of location IB initially, where 
IB is defined similarly. 

For SV = XI 10 or XI 11, K is the operand contained in register 29 
or 2A, respectively. K remains unchanged during all self, inner, 
and outer loops. For halfword vector instructions, the value K 
is obtained from bits 16 through 31 of register 29 or 2A. For 
singleword vector instructions, K is obtained from bits 0 through 
31 of register 29 or 2A. For doubleword vector instructions, 
the most significant half of K is obtained from bits 0 through 31 
of register 29 or 2A and the least significant half (bits 32 
through 63 of K) is zero. 

IMNER AND OUTER LOOPS 

This instruction write-up only describes the self loop operation. 

The user can form multiple loops which change the starting address 
of each pass of the self loop. All vector instructions can use 
both the inner and outer loops as well as the self loop, except 
for vector order instructions. Some apnl’ cations of the inner and 
outer loop feature are described in Section B4. 

DOUBLE LENGTH 

Vector double’ TSngth operations require that the double length 
operands be stored into even-odd memory or register singleword 
address pairs. 
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ARITHMETIC EXCEPTION 



When mask bits in the arithmetic exception (AE) register are off, 
the vector operation win run to normal completion. When masked on, the 
vector operation tenni nates wlien the arithmetic exception condition occurs, 
such that an "exchange i ntermedi ate" can be effected by the PPU. 



ARITHMETIC 



EXCEPTIONS 



FOR SCALAR OR VECTOR OPERATIONS 



Data 

AE 

register 



MASKED OFF 


MASKED ON 


FLOATING POINT 


FIXED POINT 


FIXED OR FLOATING POINT 


UNDERFLOW 


OVERFLOW 


OVERFLOW 


FLOATING UNDERFLOW 
FLOATING OVERFLOW 
FIXED OVERFLOW 
DIVIDE CHECK 


Set to 0 


Set to - ® 


Modulo word 
size 


Freeze CP and 
Exchange intermediate. 

Handled by software 


Set AE Cond 


Set AE Cond 


Set AE Cond 



DEFINITIONS 
+ floating 


point 




Single length 


7FFF 


FFFF 


Double length 


7FFF 


FFFF FFFF FFFF 


- «>, floating 


point 




Single length 


FFFF 


FFFF 


Double length 


FFFF 


FFFF FFFF FFFF 



Zero, fixed or floating point 
Half length 0000. 

Single length 0000 0000 

Double length 0000 0000 0000 0000 
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a» arithmetic exception condition occurs, the result code will be set 
-crnrdinq to the table belov/. 



Ar i tbmeti c 
Exception 
Condi tion 


Result Code 
RL RG RE 


; AU 
Result 


nt overf 1 ow 






i 

1 




(positive overflo'w) 


1 


0 


0 


minus, modulo wprd size 


(negative underflow) 


0 


1 


0 


positive, modulo v/ord 
size 


Floating point exponent overflow 










(positive fraction) 


0 


1 


0 


pos, 


(negative fraction) 


1 


0 


0 


neg. «> 


FToating point exponent underflow 










(pos. or neg, fraction) 


0 


0 


1 


zero 


Divide check (fixed point) 


Unpredictable 


Unpredictable 


Divide check (floating point) 










(positive dividend) 


0 


1 


0 


pos, 


(negative dividend) 


1 


0 


0 


neg. 



Vr.CTOR HAZARD RULE • • 

Consider the array of octets from which the ^ and E vectors are formed 
for input to the Arithmetic Unit (AU) and the array of octets into which the 
results are store_^ from the output of the AU. Define the "present octet address 
of input vectors A or'B'" to be the octet addresses of the vector elements a. and 
b. which are presently being processed as inputs to a vector computation, the 
";Vesent octet address of output vector C" is defined to be the octet address 
of result c. corresponding to the computation involving arguments a. and b . . 

The Vector Hazard Rule is stated as follows: 

A "Hazard Condition" occurs whoever the present octet 
addresses of input vector ^ or^ dr the next four octet 
addresses for each of vectors A or'tf’ is the same as the 
present result octet address or_the eight past result 
octet address of output vector C. 

If the Hazard Rule is violated the "old" rather than the "new (updated) in- 
formation is used as the operand. For example, a vector operation will use the 
"old" values for one of the operands if the element address of c. is one greater 
than the element address of either a. or b. and all vectors are Assigned a pos- 
itive increment direction during themself loop. 



no 




NORMALIZED INPUTS 



Floating point inputs must be hexadecimally normalized prior to their use 
in the following vector instructions: 

VAF Vector Add Floating Poing Single Length 

VAFD Vector Add Floating Point Double Length 

VAMF Vector Magnitude Floating Point Single Length 

VAMFD , Vector Magnitude Floating Point Double Length 

VSF Vector Subtract Floating Point Single Length 

VSFD Vector Subtract Floating Point Double Length 

VSMF Vector Subtract Magnitude Floating Point Single Length 

VSMFD Vector Subtract Magnitude Floating Point Double Length 

VCF Vector Arithmetic Compare Floating Point Single Length 

VCFD Vector Arithmetic Compare Floating Point Double Length 
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INDEX VALUE STORAGE 



Format for storage of index values during a Vector Arithmetic Comparison, 
Vector Logical Comparison, or Vector Peak Picking instruction. 



Halfword 

Address 




HSAC 


item count 


HSAC, + 1 


index i 


HSAC + 2 


index j 


HSAC + 3 


index k 


HSAC + 4 


index 1 


HSAC + 5 


index m 




etc. 



I 16-bits I 

where HSAC= 2‘SAC + (XC)+HSC "= Halfword starting address of vectorT^. 

and HSC ■= Halfword starting address even-odd selection. 

(0/^ven, Vodd). 

HALFWORD ADDRESS INCREMENTS FOR STORAGE OF INDEX VALUES 

Increments for vector ^(during inner and outer loops) are referenced from 
the last index stored as a result of the previous self loop operation. For 
example, if index m is the last index stored in a self loop (See diagram above) 
and the delta increments for the inner or outer loop are one (DCI =1, DC0 = 1), 
then the entry point for the item count of the next self loop is stored into 
halfword location HSAC + 6. The unit of measure for DCI and DCO for these vectors 
is one halfword for a delta value of one. 
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ASSEMBLER MNEMONICS 



The Assembler furnishes bullt-ir) procedures to aid in the building 
of Vector Parameter Files. These procedures generate data in the sequence 
of code from which the procedure calls are made. Each of the eight words 
which make up the Vector Parameter File for each Vector instruction may be 
generated by a separate procedure call. The user may wish to define an en- 
tire vector file by bui’ding a procedure which contains eight separate tails, 
but one will not be finished in the Assembler as a single procedure because 
of the volume of parameters which would be associated with the call. 

Vector data generated by the above method may then be placed in 
the vector parameter registers by the use of instructions such as VECTL, 
which loads the file and executes the vector instruction; LF, which loads 
the vector file; or L which replaces individual vector parameters. 

The first word (vector operation word) of the eight is built by 
calling the procedure whose name is one of the mnemonics defined on the 
following pages, depending upon the operation. In all cases, the format 
of the call resembles the scalar instruction format: 

(label) command ALCT, L, SV 

where ALCT is used only in certain test instructions and should be zero 
for the other instructions 

L is the vector length 

SV is the single valued vector addressing type 

(label) is optional 

Words 2, 3, and 4 are built by calling the procedure VCTRA whose format is: 
(label) VCTRA SA, X, Q 

where 



SA is the starting address of a vector 

X is the index used to find the starting address of the vector 

Q is the value of the HS or VI field used in words 3 or 4 of a 
vector instruction 

label is optional 

If X or Q is left blank, a zero value is assumed. 

Words 5-8 are built using the DATAH pseudo-directive. 
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VECTOR (VECTL) 



A vector instr« 3 tion 
appearing in the instruction 
fetch unit has the format 
comiion to most scalar instruc- 
tions. The instruction serves 
to convey: (1) the fact that 

this is a vector instruction, 
and (2) the location of an 
eight word vector parameter list 
in central memory. These eight words 

are loaded into t.he vector parameter registers assigned to locations 28 through 
2F (hexadecimal) and are used for further definition of the. vector operation. 
The vector registers are loaded as part of the vector initialization procedure 
prior to the execution of the vector instruction. 

The format of VECT appeared under INSTRUCTION FORMAT on page 151. 

Result Code : Not useful after vector operation. 

Program Interruption : Depends upon vector instruction being executed. 

VECTOR (VECT) 

A vector instruction 
appearing in the instruction 
fetch unit has the format 
common to most scalar instruc- 
tions. The instruction defines 
the vector operation. 



The Vector registers are not loaded as part or this irstructicn. The current 
vector registers are used. 

The format of VECT appeared under INSTRUCTION FORMAT on page 151. 

Result Code : Not useful after vector operation. 

Program Interruption : Depends upon vector instruction being executed. 




Operation code BO R = 0 
Type Format 3 

Operand Format @ N,X 

Type Addressing a, oc^t ^ 

Symbolic Notation k op. C 

(General ) 



VeCtbh 
Section B3 
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ADD MAGNITUDE 

A vector add magnitude instruction with argument vectors A and B 
generates a result vector c, 

• v/here C = (Cp c^, c^, c^) 

with c, = a . + lb .! . 

I 1 I li 

OP Code MNEM Code Ir«truction 

44 VAM - Vector add magnitude fixed point, single length 

45 VAMH - Vector add magnitude fixed point, half length 

46 VAMF - Vector add magnitude floating point, single length 

47 VAMFD - Vector add magnitude floating point, double length 

SUBTRACT 

A vector subtract instruction with argument vectors A and B generates 
a result vector c, 

where C = (cp C 2 » c^, . . . , 
with = a^ - bp 

OP Code MNEM Code Instruction 

48 VS - Vector subtract fixed point, single length 

49 VSH - Vector subtract fixed point, half length 

4A VSF - Vector subtract floating point, single length 

4B VSFD - Vector subtract floating point, double length 
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SUBTRACT MAGNITUDE 



-~y 

A vector subtract magnitude instruction with argument vectors A and B 



generates a result vector C, 



where C = 


( Cp C^ i C^ 5 . 


. . 5 ^ 






with c^ = 


a. - jb.j 
1 1 . 








OP Code 

4C 

4D, 

4E 

4F 


( 

MNEM Code 
VSM 

VSMH - 
VSMF - 
VSMFD - 


Vector 

Vector 

Vector 

Vector 


Instruction 

subtract magnitude 
subtract magnitude 
subtract magnitude 
subtract magnitude 


fixed point, single length 
fixed point, half length 
floating point, single length 
floating point, double length 


MULTIPLY 











A vector multiply instruction with argument vectors A and B generates a 



result vector C. 






-r 

where C = 


( 5 C 2 J Cj 5 


• ’ 




with c^ = 


a..b.. 






See product 


length options 


table. 




OP Code 


MNEM Code 




Instruct ion 


6 C 


VM 


Vector 


multiply fixed point, single length 


6 D 


VMH 


Vector 


multiply fixed point, half length 


6 E 


VMF 


Vector- 


multiply floating point, single length 


6 F 


VMFD - 


Vector 


multiply floating point, double length 



DOT PRODUCT 

The vector dot product instruction forms a sum of products of the type: 




(scalar result) 



where the a^. are elements of a row vector A = (a^ 83 * ... aj^) 

and the are elements of a column vector B = (bp b 2 > b^, ...b^) 



The scalar result, Cp is stored in central memory at the location 
specified by SAC + (XC). See product length options table. 

OP Code MNEM Code Instruction 

68 VDP - Vector dot product, fixed point, single length 

69 VDPH - Vector dot product, fixed point, half length 

6 A VDPF - Vector dot product, floating point, single length 

6 B VDPFD - Vector dot product, floating point, double length 



Vector Arithmetic Instructions 175 
Section B3 




DIVIDE 

A vector divide instruction with orguroent vectors A and B, forms a 
result vector C such that each element of the result equals a^ divided 
by b.. See length options table. 



The four cases for single-valued vectors are: 



SV-field 


Operation 


Value K 


X 1 0 0 


k/b. 1 


k 5 (SAA + (XA)) 


X 1 0 1 


a^./k 


k H (SAB + (XB)) 


X 1 1 0 


k/b^. 


k - (29) 1 immediate 


X 1 1 1 


a.j/k 


k 5 (2A) j operand 



' Code 


MMEM Code 


Instructions 


64 


VD 


Vector divide fixed point, single length 


65 


VDH 


Vector divide fixed point, half length 


66 


VDF . - 


Vector divide floating point, single length 


67 


VDFD - 


Vector divide floating point, double length 



LENGTH OPTIONS 



the dividensl length options for vector divide and the ororiort ipnnfu 



Argument 



Floating Point 




NOTES. Vector dot products accumulate a 64~bit sum in the arithmetic 
unit. Whether the 16, 32, or 64 LSB's are read will depend 
on the type of VDP and the SV-field as si, own above. 

Fixed point signed integer products are formed from vector 
multiply and vector dot product instructions. Fixed point 
signed integer dividends and quotients are used and produced 
in vector divide instructions. 
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The product length for Vector Multiply, fixed point, single length, is 64-bits. 

When SV = 0 xxx, all 64-bits are stored. When SV = 1 xxx, the least significant 
32-bits of the product are stored. Overflow cannot occure when SV = 0 xxx. Over- 
flow is detected during the vector operation when SV = 1 xxx if the most signifi- 
cant portion of the product exceeds 32-bits. 

Overflow is detected in the Arithmetic Unit for the above case if the 33 MSB's of 
the 64-bit product are not all "ones" or not all "zeros". 

The pi’oduct length for Vector Multiply, fixed point, half length is 32-bits. When 
SV = Oxxx, all 32 bits are stored and overflows cannot occur. When SV ='lxxx, the 
least significant 16-bits of the product are stored and overflows are detected 
during the vector operation if the significant portion of the product exceeds 16-bits. 

Fixed point, single length. Vector Dot Product operations generate 64-bit products 
and accumlate a 64-bit sum in the Arithmetic Unit. When SV = Oxxx, the entire 
64-bit sum is stored and overflow is detected during the vector operation if the 
sum exceeds the 64 -bit accumlator word size. 

When SV = Ixxx, the 32 least significant bits of the sum are stored. Overflow is 
detected during the vector operation if the significant portion of the 64-bit sum 
exceeds 32-bits. 

Fixed point, half length. Vector Dot Product operations generate 32-bit products 
and accumulate a 32-b'it sum in the Arithmetic Unit. When SV = Oxxx, a 32-bit sum 
is stored and overflow is detected during the vector operation if the sum exceeds 
32-bits. 

When SV = Ixxx, the 16 least significant bits of the 32-bit sum are stored. Over-, 
flow is detected during the vector Operation if the significant portion of the 
32-bit sum exceeds 16-bits. 

During Vector Divide, fixed point, single length, when SV = Oxxx, the dividends are 
64-bit signed integers. When SV = Ixxx, the dividends are 32-bit signed integers. 

The divisors are 32-bit signed integers. When the relative magnitude of dividend 
and divisor is such that the quotient cannot be expressed by a 32-bit signed integer, 
aji overflow occurs and the central memory location corresponding to that output 
element is loaded with an unpredictable number. 

During Vector Divide, fixed point, half length, when SV = Oxxx, the dividends are 
32-bit signed integers. When SV = Ixxx, the dividends are 16-bit signed integers. 

The divisors are 16-bit bit signed integers. When the relative magnitude of 
dividend and divisor' is such that the quotient cannot be expressed by a 16-bit 

signed integer, an overflow occurs and the central memory- location corresponding' 
to that output element is loaaed with an unpredictable number. 

In cases where a given length vector input argument is specified by the vector 
op code, but where the SV-field or other vector specifiers indicate a different 

word size result, the delta increments for the inner and outer loops will be 
adjusted automatically by hardware such that an increment of K results in an 
address advancement of K-words of whatever word size is appropriate. For example, 
a singlelength, fixed point, vector multiply may be specified with an SV-field of 
Oxxx which indicates that a double length product is to be generated. In this case, 
a delta C increment (DCI or DC0) which is equal to the value K will advance the C 
vector address by K doublewords. 
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LOGICAL INSTRUCTIONS 



A vector logical instruction with argument vectors A and B, forms 
a result vector q, where 

■“ a^. Boolean operation 

The Boolean operations are defined for bits of the singleword or double 
word elements of a^. and b^ . 



Boolean operation 


Logical Equation 


AND 


X • y 


OR 


X + y 


Exclusive OR 


X y + X y 


Equivalence 


X y -!■ X y 



where x = bit j of element a.' ^ ^ ^ 

and . y = bit j of element b. / through 31 if single length 

and 0-63 if double length. 



OP Code 


MNEM Code 


Instruction 


EO 


VAND - 


Vector logical AND, single length 


, E4 


VOR - 


Vector logical OR, single length 


E8 


VXOR - 


Vector logical Exclusive OR, single length 


EC 


VEQC - 


Vector logical Equivalence, single length 


El 


VANDD - 


Vector logical AND, double length 


E5 


VORD - 


Vector logical OR, double length 


E9 


VXORD - 


Vector Exclusive OR, double length 


ED 


VEQCD - 


Vector Equivalence, double length 
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SHIFT INSTRUCTIONS. 



A vector shift instruction with argument vectors A and B result in 
vector where 

c^ = a.j shifted SC bit positions. 

The shift count, SC, is a 7-bit signed integer contained in bit positions 
25 through 31 of the elements of vector B. Negative shift counts are re- 
presented in 2's complement form. A negative sign represents a right sJiift 
and a positive sign a left shift of SC positions. 



OP Code HNEH Code Instruction 

CO VSA - ' Vector arithmetic shift, fixed point, single length 

Cl VSAH - Vector arithmetic shift, fixed point, half length 

C3 VSAD - Vector arithmetic shift, fixed point, double word 

C4 VSL - Vector logical shift, single length 

C5 VSLH - Vector logical shift, half length 

C7 VSLD - Vector logical shift, double length 

CC VSC - Vector circular shift, single length 

CD VSCH - . Vector circular shift, half length 

CF VSCD - Vector circular shift, double length 



PROGRAM INTERRUPTION : Fixed point overflow is detected, for arithmetic 

left shifts only, if the sign bit changes during the shift. The entire 
shift operation designated by the shift count is completed regardless 
of overflow conditions. 
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MERGE INSTRUCTIONS 



A vector, merga singleword instruction with argumenr. 

» hg , . . . J b 

generates an output vector C, where 

C { 9 * 1 ^ t)"|5 ^2^ ^2* ^3^ ^ ^ 




Kh0r€^ A ~ (^*j» ^2 

—■fc* 

and 8 - (bp 



or 



c 



2i-l 



'2i 





for (i = 1, 2, 3, 



,-s A and B, 



L) 






The elements a,| and b,j above represent single length , 32-hit words . 

The L-field in the vector parameter file specifies the input vector length 
for vector merge instructions. The output vector will be twice the length 
of the input vector. 

A vector merge halfword instruction generates an output vector as in 
VMG, except that for this instruction the elements a- and b. represent 
half length, 16-bit words . 



A vectoi’ merge doubleword instruction generates an output vector C' as in 
VMG, except that for this instruction the elements a. and b. represent 
double length, 64-bit words . 



OP Code MNEM Code Instruction 



08 


VMG - 


Vector 


merge 


single words 


09 


VMGH - 


Vector 


merge 


half words 


DB 


VMGD - 


Vector 


merge 


double words 
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ORDER INSTRUCTIONS 



A vector onher instruction performs an arithmetic comparison of _^he_elements 
of vectors X or b’ such that the smaller element^ whether fj;pm "A or B", is 
the next element to be stored in forming the output vector 1). 

Programing Notes: 



1) The Vector Order instruction only applies to the vector self loop. 
There is no inner not outer loop feature for this instruction. If 
inner (NI) or outer (N0) loop counts are specified in the vector 
parameter file, they are disregared by the liardware and only the 
self loop (vector operation of length L) will bo executed. 

2) Floating point vectors X and must be normalized prior to use in 
a vector order instruction. 

3) A boundary limit equal to the largest positive number must be placed 
in the data location following the last entry in the files to be 
ordered. These boundary values for the different data formats are: 



Boundary limit 


Data Format 


7FFF 


“ TFFT 


Single length, fixed point 


7FFF 




Half length, fixed point 


7FFF 


FFFF 


Single length, floating point 


7FFF 


FFFF FFFF FFFF 


Double length, floating point 



4) The output vector may not be written over either input vector. 



Programming Example: V0D instruction 

A = 2, 4, 5, 7, 1, 3, 4, 6, 8, 5, 6, 12, (7FFF)- 

B = 3, 6, 8, 9, 2, 3, (7FFF) 

C = 2. 3, 4, 5, 6, 7, 1, 3, 4, 6, 8, 5, 6, 8, 9, 2, 3, 12, (7FFF) 

where L = l^ + lg ^1 = 12 + 6 + 1 = 19 

The length specification, L, in the vector paj^ame^er file should be set 
to the sum of the lengths of the two vectors A & ^ olus 1 to include at 
least one boundary limit so that the result vector u can be used in a 
subsequent vector order instruction if desired. 

L - length A + length B + 1 
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If, during the processing of a Vector Order instruction* two equal value^ 
arc simultaneously presented to the arithmetic unit from vectors It’ and IT, 
the value presented from vector A** is the element which is delivered to the. 
arithroetic unit output; the value from vector IT is retained at Idiie arith- 
metic unit input for comparison with the next elenent of vector .C 



OP Code 


MNEM Code 




04 


VO 


Vector 


05 


VOD 


Vector 


D6 


VOF 


Vector 


07 


VOFD 


Vector 



Instruction 

order sinnlewords-, fixed point 
order halfwords, fixed point 
order singlev^ords , floating point 
order doublewords, floating point 
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COMPARE IMSTRUCTICNS 



ARITHMETIC 

Elernent a^. of input vector X is arithmetically compared v/ith 
element b-j of input vector B*. The result of this comparison will set 
one of the three comparison code bits and reset (zero) the other two 
depending on whether the comparison is: 1 ) a-j less than b-j, 2 ) a-j 

greater than b-; , 3) a-j equal to bi . The comparison code bits CL, CG, 

and CE are then matched with the 3 LSB's of the ALCT field (hexadecimal 
character H 2 of register ? 8 ; bits denoted by r-j , and >" 3 ). If the 
logical equation COND = • CL + r 2 • CG + '"s • CE^ is true for element 

ai and bi , then the index value, i, corresponding to the position of 
element and bi in the vector input stream, is stored as a halfwortl 
value in result vector ct The first index value is stored into half- 
word location 2 • SAC +(XC)-i-HSC-i-l , Successive index values are stored 
into consecutive halfword locations. If COND is false, notin’ng is stored. 

The next operand elements of the input vectors (ai-f] and bi+i) 
are then acquired and the operation is repeated until the length (L) of 
the vector has been exhausted. Just before this vector instruction is 
terminated, a count of the number of items for which COND was true is 
stored into halfword memory location 2 » SAC + (XC) + HSC. 

The ALCT-field (Arithmetic and Logical Comparison Test) of the 
vector parameter file is used to specify one of the following comparison 
options for a Vector Arithmetic Comparison instruction. 



bits 


ALCT- 

’^'1 


•field 

"2 


>"3 


Vector arithmetic 
Comparison options, ai:bi 


X 


0 


0 


0 


do nothing 


X 


0 


0 


1 


a, = b, 
a, >b, 


X 


0 


1 


0 


X 


0 


1 


1 


a. >b, 


X 


1 


0 


0 


a, ^ bj 


X 


1 


0 


1 


a, ^.b. 


X 


1 


1 


0 


a, jf b. 


X 


1 


1 


1 


store index 1 for all i from 0 
through L-1 



When the 000 option is specified, the AU compares all af and bf 
elements, but since COND never becomes true, no index values are ever 
stored. Although, before this instruction is terminated, a count of 
the number of items for which COND was true (for this case, item count 
equals zero) is stored into halfword memory location 2 • SAC + (XC) + HSC. 

There are four types of Vector Arithmetic Comparison instructions, 
one for each of the four data formats. 



OP Code 



MNEM Code 



Instruction 



DO 


VC 


Vector 


arithmetic 


comparison , 


D1 


VCH 


Vector 


arithmetic 


comparison , 


D2 


. VCF 


Vector 


arithmetic 


comparison. 


D3 


VCFD - 


Vector 


arithmetic 


comparison. 



fixed point, single length 
fixed point, half length 
floating point, single length 
floating point, double length 
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9 rairi nn'ng Notes : 

1 ) Tha address of a singlev/ord vector element is__equal to SAA -i- (XA) + ij 
wliere SAA is the starting address of the vector 7C (XA) is the static 
index value during a given vector operation, and i is the dynamic index 
value. The value of i runs from 0 to L-1 during a vector operation. 

The maximum range of i is eqiial to the inaximurn range of the length 
specification (L) of a vector operation. L is limited to 16-bits 
corresponding to a srtaximum vector length of 2 I 6 - 1 or 65,535 elements. 

2) The most significant bit of the ALCT-field in the vector parameter file 

is used to specify v.iiether the vector comparison is to continue the full 
length of the vector operation or termi- 

nate after the first comparison true has been detected. 

If the MSB of the ALCT-field is "xero", then the Vector Arithmetic 
or Logical Comparison operation (whichever is specified) will continue 
until the length , ■ of the vector has been exhausted. However, if 
the MSB of the ALCT-field is "one", then the Vector Arithmetic or 
Logical Corrparison operation will be terminated after the first 
comparison true condition has been detected. Just before the in- 
struction is terminated the index value, i, corresponding to the 
position of elements ai and b-; for which COND is true will be stored 
into halfword location 2 • SAC + (XC) + HSC + 1 and a count of the 
number of items for which COND was true will be stored into halfword 
memory location 2 » SAC + (XC) + HSC. In this case, the item count 
will be equal to one, if COND ever becomes true during the vector 
comparison operation. The item count will be equal to zero and no 
index value will be stored if COND never becomes true during the 
vector comparison operation. 



For example, if inner and outer loops are used and the first comparison true 
is detected during the third inner loop, then two zero item counts are stored into 
locations 2-SAC+(XC)+HSC and 2-SAC+(XC)+HSC+l , The item count for the third self 
loop, which has a value of one, is stored into location 2-SAC+( XC)+HSC+ (loop 
number minus one) which equals 2-SAC+(XC)+HSC+2. The index value of the first 
element which compared is stored into location 2-SAC+(XC)+HSC+ (loop number) 
which equals 2-SAC-^(XC)+HSC+3. The index value, i, stored here is referenced to 
the particular self loop being processed at the time that the first comparison 
true is detected. For example, if the first element of a new self loop is the 
first one which has a comparison true, then the index value, i, is equal to zero. 



3) If it is^ desirable to use an odd halfword starting address for result 
vector Z and a single or double length immediate operand is used 
(immediate single-valued vector), the irmiediate operand K must be 
stored in register 29. If K were stored in register 2A, the (HS) 
halfword starting address information would be covered by K. An 
SV-field equal to XllO will specify an immediate single-valued 
operand K, where K is obtained from registf^v' 29. Another instruction 
which stores half length results, but which may use single or double 
length input arguments is the Vector Logical Comparison instruction. 

4) Floating point vector K and B* must be normalized prior to use in a 
vector arithmetic comparison instruction. 
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LOGICAl. "AND" COMPARE INSTRUCTIONS 



Element a. ofjnput vector A is 'logically "ANDed" with element b. of 
input vector B. One of the three comparison code bits (CL, CG, or CE) 

. will be set depending upon the logical properties of c-, where c,- = a^-Ab., 
For logical operations the conditions code is set as follows: (CL) c,- ^ 

contains mixed "ones" and "zeros", (CG) al l bit positions of c,- are ^one", 
or (CE) all bit positions of c^ are "zero". 

The comparison code bits CL, CG, and CE are then matched with the 3 LSB's 
of the ALCT field (bits that we shall label as , >' 2 , and ro) if the 
logical equation, COND = r-j . CL + >"2 ' CG t T3 . 

index value, i , of input vector element a^ and is stored as a 
halfword value in result vector C. The first index value is stored into 
halfword location 2 SAC + (XC) + HSC +1. Successive index values are 
stoied into consecutive halfword locations. If COND is false, nothino 
is stored. ^ 



The next operand elements of the input vectors (aj^.-] and b.+-,) are then . 
acquired and the operation is repeated until the length (L)'of the vector 
has been exhausted. Just before this vector operation is terminated, a 
count of the number of items for vahich COND was true is stored into halfv/ord 
memory location 2 • SAC + (XC.) + HSC. 



The ALCT-field of the vector parameter file is used to specify one of 
the following comparison options for a Vector Logical Comparison 
instruction . 



bits 


ALCT- 

"1 


■field 

’^2 


"3 


Vector Logical 
Comparison options 


X 


0 


0 


0 


Do nothing 


X 


0 


0 


1 


All zeros . 


X 


0 


1 


0 


All ones 


X 


0 


1 


1 


All ones or all zeros e (not mixed) 


X 


1 


0 


0 


Mixed ones and zeros 


X 


1 


0 


1 


Not all ones 2 (mixed or all zeros) 


X 


1 


1 


0 


Not all zeros s (mixed or all ones) 


X 


1 


1 


1 


Store index i for all i from 0 
through L-1 



The comparisons in this table refer to the logical 
properties of a^A b- for a VCAND instruction and to 
a^v b^ for a vCOR instruction. 
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There arc four types of Vector Logical Comparison instructions, two for 
euch of two data lengths. 



OP Code 


MNEM Code 




£2 


VCAND - 


Vector logical 


F3 


VCANDD - 


Vector logical 


E6 


VCOR 


Vector logical 


E7 


VCORD - 


Vector logical 



Instructio n 

comparison using AND, single length 
comparison using AND, double length 
comparison using OR, single length 
comparison using OR, double length 



Vector Log ica l Com pariso ns us ing 0R functions are described identical to 
the r^gicd! AND comparison instructions, except that element _ai of input 
vector A^is logically "ORed" with element b-j of input vector B*'. 



The vector terminating feature described for arithmetic compares are 
effective on all of the Vector Logical Comparison instructions listed 
above when the MSB of the ALCT-field in the vector parameter file is 
"one" . 



If it is^ desirable to use an odd halfword starting address for result 
vector C and a single or double' length immediate operand is used 
(immediate single-valued vector), the immediate operand K must be 
stored in register 29. If K were stored in register 2A, the (HS) 
halfword starting address information would be covered by K. An 
SV--field equal to XI 10 will specify an Immediate single-valued operand 
K, where K is obtained from register 29. 
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SEARCi: IHSTRUCTIOMS 



There are sixteen search instructions. Four types of each of the following 

Search for largest arithmetic element 
Search for largest magnitude 
Search for smallest arithmetic element 
Search for smallest magnitude 

The four types of each of the above refer to vrard size data reprcsenta-, 
tion: (1) fixed point, single length; (2) fixed point, half length; 

(3) floating point, . single lengtl); and (4) floating point, double length. 

The search instruction tests every element, ai , of Vector A relative to 
all other elements of ^ and stores the index value, i, of the largest 
or smallest element (depending on the operation code) into the halfw'ord 
memory location specified by address 2 . SAC + (XC) + HSC. The value 
of i is within the range 0 through L-1 and is the dynamic index value 
oft during a vector operation. 

Programming Note : Floating point input vector A must be normalized prior 

to use in a vector search instruction. 



Vector Search for Largest with 2 or more largest elements of equal 
value will store as its output the index of the first of such elements. 

Similar logic applies to the vector search for largest magnitude, 
search for smallest, and search for smallest magnitude instructions. 

Vector Search for Largest Magnitude will recognize the number 
8000 0000 for fixed point single length of 8000 for fixed point half 
length instructions as having a larger arithmetic magnitude than 
7FFF FFFF or 7FFF, respectively. 

Vector Search for Smallest Magnitude will recognize the number 
8000 0000 for fixed point single length or 8000 for fixed point half 
length instructions as having the largest magnitude and will therefore 
not output its index if any other element of the vector has a smaller 
magnitude. 
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OP Code 
50 


MNEM Code 
VL 


51 


VLH 


52 


VLF 


53 


VLFD 


54 


VLM 


55 


VLMH 


56 


VLMF 


57 


VLMFD - 


58 


VSS 


59 


VSSH 


5A 


VSSF 


5B 


VSSFD - 


5C 


VSSM 


5D 


VSSMH - 


5E 


VSSMP - 


5F 


VSSMFD - 



Instructions 



Vector search for largest 
single length 
Vector search for largest 
half length 

Vector search for largest 
point, single length 
Vector search for largest 
point, double length 
Vector search for largest 
single length 
Vector search for largest 
half length 

Vector search for largest 
single length 
Vector search for largest 
double length 

Vector search for smallest 
point, single length 
Vector search for smallest 
point, half length 
Vector search for smallest 
point, single length 
Vector search for smallest 
point, double length 
Vector search for smallest 
single length 

Vector search for smallest 
half length 

Vector search for smallest 
single length 

Vector search for smallest 
double length 



ari thmeti c 
arithmetic 
ari thmeti c 
arithmetic 
magnitude, 
magnitude, 
magnitude, 
magnitude, 
arithmetic 
arithmetic 
arithmetic 
arithmetic 
magnitude, 
magnitude, 
magnitude, 
magnitude, 



element, fixed point, 
element, fixed point, 
element, floating 
element, floating 
fixed point, 
fixed point, 
floating point, 
floating point, 
element, fixed 
element, fixed 
element, floating 
element, floating 
fixed point, 
fixed point, 
floating point, 
floating point. 
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PEAK PICKING INSTRUCTIONS 




The algorithm for the vector peak picking instruction is as follows; 



^i " 
yi+i 



^•-1 




+1 



Jf the sign cf 
the index value', ' 



If the sign cf y- 
the index value. 



for i = (1, 2, 3, L~2) 

__is different than the sign o1^ y^+-| , then store 

^_is the same as the sign of then do not store 



When the value of y-j^.] is zero, yifl is considered to retain the sign 
of the last non-zero value in the history of yj . This convention will 
select the trailing edge of a trace for V'/hich a series of y-j = o 
conditions exist, i.e., the "peak" value which is stored is at the 
trailing edge of a mesa. Points of inflection are not stored. 

The formats for the storage of the index value, i., for the four types 
of vector peak picking instructions are identical to the formats 
for the vector test instructions. 



SAC 



(XC) + HSC of the 
and valley points 



iiie ’ tem count entered at.hal'^word location 2 - om 
output table is a count of the total, number of oeaK auu va 
scored as a result of the vector peak picking instruction. 

The most significant bit of the ALCT-field in the vector parameter file 
IS used to specify wnether the Vector Peak Pickinq instruction "is tn 
continue the full length of the vector operatlo" e teL ?ed L 

dlSctei”'' Polit has beL 



If the MSB of the ALCT-field is "zero", then the Vector Peak Picking 
operation vdll continue until the length (L) of the input vector has 
been exhausted and all the peak and valley index points have been 
stored. However, if the MSB of the ALCT-field is "one", then the 
Vector Peak Picking operation will be terminated after the first 
peak or valley point has been detected. If a peak or valley point 
is detected and the MSB of ALCT is "one", then the index value, i, 
of that peak or valley point is stored into halfword location 2* SAC + 
(XC) + HSC + 1 and a one, corresponding to the number of index values 
stored, is entered into halfword location 2 « SAC + (XC) + HSC. The 
item count will be equal to zero and no index values will be stored if 
the input vector elements are monotone increasing or decreasing. 
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Programniing Note; A floating point input vector must be normalized 
prior to ITse^fr a vector peak picking instruction. 



OP Code MNEM Code 



Instructions 



DC 


VPP 


Vector peak. 


DD 


VPPH 


Vector peak, 


DE 


VPPF 


Vector peak. 


DF 


VPPFD - 


Vector peak. 



fixed point, single length 
fixed point, half length 
floating point, single length 
floating point, double length 



Fixed point overflow is indicated for the VPP and VPPH instructions if 
a disconti nui ty exists between any two data points whose difference ex- 
ceeds one half the range of the fixed point number representation. 

Floating point overflow is indicated for the VPPF and VPPFD instructions 
if a discontinuity exists between two data points such that the difference 
results in a floating point overflow condition. 

Floating point underflow is indicated for the VPPF and VPPFD instructions 
if the difference between two data points would cause an exponent under- 
flow condition. 
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CONVERSION INSTRUCTIONS 



FLOATING TO FIXED POINT 

Vector conversion instructions acquire the operands to be con- 
verted from vector ^ and the scale factor from vector Outputs are 
stored as result vector When the same scale factor is applied _Jo 
all conversions, an immediate or directly addressed single-valued B 
vector n:ay be used. The algorithm for converting from floating to 
fixed point is the same as that previously described for scalar float- 
ing to fixed point conversions. 

OP Code MNEM Code Instruction 

AO VFLFX - Vector convert floating point single length 

to fixed point single length 

Vector t is' the list of floating point single length elements 
to be converted. The elements are read from consecutive singleword 
memory locations beginning with starting address SAA + (XA). 

Vector §” is the list of 16-bit fixed point scale factors which 
have been pre-computed and which specify the placement of the fixed 
point signed integer result with respect to the decimal point to the 
right of the LSB. The scale factors are contained in^the right half 
word of the singleword elements' of Vector i^. Vector B may be specified 
as a single-valued vector in which case the same scale factor is applied 
to all converted elements. 

The result vector C is a list of fixed point single length signed 
Integer elements with scale factors according to the pre-determined 
values of vector f. 




Operand element a^. 
Scale factor b^ 

Result element 



PROGRAM INTERRUPTION: Fixed point overflow. 
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OP Code 



MNEM Code 



Instructi on 



A1 VFLFH Vector convert floating point single length 

to fixed point half length 

Vector t is the list of floating point single length elements to 
be converted to fixed point half length representation. 

Vector ^ is the list of scale factors v/hich have been pre-computed 
and which specify the placement of the fixed point signed integer result. 
The scale factors ar,e contained^ in the right half word of the singleword 
elements of Vector St Vector d may be specified as a single-valued vector 
in which case the same scale factor is applied to all converted elements. 

The result vector C^ is a list of fixed point half length signed 
integer elements with scale factors according to the pre-determined values 
of vector S'. The elements of result vector are stored in consecutive 
halfword locations. 



Floating SL 



Unused SF 



Fixed HL 



Operand element a^ 



Scale factor element b^ 



Result element c^. 



PROGRAM INTERRUPTION : Fixed Point Overflow 

OP Code MNEM Code Instruction 

A2 VFDFX Vector convert floating point double length to 

fixed point single length 

Vector t is the list of floating point double length elements to 
be converted to fixed point single length representation. 

Vector B* is the list of scale factors which have been pre-computed 
and which specify the placement of the fixed point signed integer result. 
The scale factors ar;e contained in the right half word of the singleword 
elements of vector f. Vector t may be specified as a single-valued 
vector in which case the same scale factor is applied to all converted 
elements. 
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The result vector C is a list of fixed point single length 
signed integer elements with ^scale factors according to the pre^- 
determined values of vector B. The elements of result vector Z are 
stored in consecutive singleword locations . 



Floating DL 


^Unused j 


SF 








Fixed SL 





Operand element -a^ 
Scale factor 
Result element c^ 



PROGRAM I NTERRUPTION : Fixed point overflow 



FIXED TO FLOATING POINT 

Fixed to floating point vector conversion instructions acquij^e the 
list of fixed point signed integer elements from vector K. Vector B is 
the list of scale factors corresponding to the fixed point elements of 
vector A. The scale factors are contained in the rigjit half of the 
singleword elements of vector 1^. The result vector C is a list of 
normalized floating point elements. The hexadecimal exponents of the 
floating point numbers are determined from the fixed point scale factors 
and the amount of shifting required to normalize the floating point fraction. 
The algorithm for fixed to floating point conversion is the same as described 
previously for scalar fixed to floating point conversions. 

OP Code MNEM Code Instructions 

A8 VFXFL Vector convert fixed point single length to 

floating point sir.gle length 

— 

Vector A is the list of fixed point single length signed integer 
elements to be converted to floating point representation. 

Vector ^ is the list of scale factors corresponding to the fixed 
point elements of vector X. The scale factors §re containe^d in the right 
half word of the singleword elements of vector B. Vector B" may be specified 
as a single-valued vector in which case the same scale factor is applied to 
each and every fixed point number of vector A. 
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The result vector C is a list of normalized floating point single 
length elements. The hexadecimal exponents of the floating point numbers 
are determined from the fixed point scale factors and the amount of shifting 
required to normalize the floating point fraction. 




Operand element a^. 



Scale factor 



Result element c^ 



PROGRAM INTERRUPTION : Floating point overflo-" 

OP Code MNEM Code Instructions 

AA VFXFD Vector convert fixed point single length to 

floating point double length 

Vector A is the list of fixed point single length signed integer 
elements to be converted to. floating point representation. 

Vector^ is a list_^f scale factors corresponding to the fixed 
point elements of vector A. The scale factors are cor|tained in the 
right half ward of the singleword elements of vector B. Vector ^ may 
be specified as a single- valued vector in which case the same scal^ 
factor is applied to each and every fixed point number of vector A. 

The result vector if is a list of normalized floating point double length 
elements. The hexadecimal exponents of the floating point numbers are 
determined from the fixed point scale factors and the amount of shifting 
required to normalize the floating point fraction. 



Fixed SL 



Unused 



SF 



Floating DL 



Operand element a^ 
Scale factor b^. 
Result element c.j 



PROGRAM INTERRUPTION: Floating point overflow 



OP Code MNEM Code Instructions 

^9 VFHFL Vector convert fixed point half length to floating 

point single length 

Conversion Instructions 
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Vector "K is the list of fixed poi nt half length signed integer 
elements to be converted to floating point representation. Vector ff 
is the list of scale factors corresponding to the fixed point elements 
of vector A^. The scalp factors are contained in the halfword elements 
of vector BX Vector B may be specified as a single-valued vector in 
which case the same scale factor is applied to each and every fixed 
point number of vector K. 

The result vector C is a list of normalized floating point single 
length elements. The hexadecimal exponents of the floating point numbers 
are determined from the fixed point scale factors and the amount of 
shifting required to normalize, the floating point fraction. 




Operand element a^ 



Scale factor element b^. 



Result element c^. 



PROGRAM INTERRUPTION : Floating Point Overflow 

OP Code MNEM Code I nstr uctions 

AB VFHFD Vector convert fixed point half length to 

floating point double length 

Vector t is the list of fixed point half length signed integer 
elements to be converted to floating point representation. 

Vector B^ is the list of scale factors corresponding to the fixed 
point elements of vector The scale factors are contained in the 
halfword elements of vector B. Vector § may be specified as a single- 
valued vector in which case the same scale factor is applied to each and 
every fixed point number of vector A. 

The result vector ^ is a list of normalized floating point double 
length elements. The hexadecimal exponents of the floating point numbers 
are determined from the fixed point scale factors and the amount of 
shifting required to normalize the floating point fraction. 




Operand element a^. 



Scale factor b. 



Result element c^. 



PROGRAM INTERRUPTION: Floating Point Overflow 








NORMALIZE INSTRUCTIONS 



f^NEM I nstt~ uc tion s 

VNFX Vector normalize fixed point single length 

Vector A is the list of fixed point single length elements to be 
normalized. 

Vector ^ is not used in this operation. 

Result vector (f is the list of normalized fixed point singlejength 
elements and scale factor. The scale factor is stored into the right 
quarter of doublev/ord element ci and represents the number of bit posi- 
tions that the fixed point fraction v/as shifted left until becoming nor- 
malized. The number of positions shifted is stored as a negative 2 's 
complement number. 

The left half of doubleword element cj contains the normalized 
fixed point singje length element corresponding to singleword element a- 
of input vector A. 



, Fixed SL 




Operand element a^ 


Fixed SL 


zeros 


SF 


Result element c^ 



PROGRAM INTERRUPTION: ■ None 



OP Code MNEM Code Instructions 

AD VNFH Vector normalize fixed point half length 

Vector A is the list of fixed point half length elements to 
be normalized. 

Vector is not used in this operation. 

Result vector is the list of normalized fixed point half length 
elements and scale factor. The scale factor is stored into the right half of 
singleword element Cj and represents the number of bit positions that the 
fixed point fraction was shifted left until becoming normalized. The number 
of positions shifted is stored as a negative 2's complement number. 

The left half of singleword element cj contains the normalized 
fixed pojnt half length element corresponding to halfword element aj of input 
vector A. 



I Fixed HL 
I 



Operand element a. 



Fixed HL 



SF 



Result element c^ 



PROGRAM INTERRUPTION: None 



Normalize Instructions 195 
Section B 3 








NOTE: 



The SELECT and REPLACE instructions v/hich follow have not been 
implemented for ASC serial numbers 1 and g, but will be included 
in ASC serial number 3 and all subsequent machines. These instruc- 
tions wi 1 1 be fully supported by the software and by the instruction 
level simulators 
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SELECT INSTRUCTION 



A vector select instruction generates an output vector t composed of 
elements from vector A. The elements selected from vector A are those for 
which the index location in vector A corresponds to the index value given 
by the elements of vector 8. 



Programming Note s: 



(1) Input vectors "A and ^ are read from contiguous memory and the output 
is stored into contiguous memory for a given self loop. 

(2A) The length specification of the self loop (L-field) for a vector se- 
_^ect instruction is normally set equal to the number of elements of vector 

(28) It is possible to shorten the vector operation and still obtain the 
same result vector ? by setting th$ self loop length equal to one plus the 
value of the last index in vector B. 



(3A) If the vector length is specified according to 2A above, then an 
dex boundary limit equal to the largest positive number (7FFFi^^^) must 

placed in the data location' fol lowing the last index value of 



hex ^ 
vector B, 



in- 

be 



(3B) If the vector length is specified according to 2B above, then the in- 
dex boundary limit is not necessary. 

(4) Each index value given by vector B is a positive fixed point halfword. 
Vector B should be a contiguous list of monotone increasing halfwords'. 

(5) An index value of zero selects the first element of vector A. 



(6) If inner or outer loops are employed, j^hen a dummy value should be 
placed at the end of each self loop vector A and the index of thi^ dummy 
value should be placed at the end of each self loop index vector B.. Each 
successive index list mus,| be in contiguous memory, i.e., DBI and DB0 must 
be equal to one. Vector A may use delta increments not equal to one for 
inner or outer loops if desired. However, the resultant vector t of selec- 
ted elements should use delta increments, DCI and DC0 equal to one if the 
number of selected elements varies from self loop to self loop. Delta 
increments for vector C are added to the address of the last element selec- 
ted for each self loop. 
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OP CODE 


MNEMONIC CODE 


INSTRUCTION 


B4 


VSEL 


Select singlev/ords from vector A 


B5 


VSELH 


Select halfwords from vector 


B7 


VSELD 


Select doublewords from vector K 

«*■ 


Example: A 


singleword select instruction using one self loop of length 8 


Si ngleivord 
vector A 


Halfword 
index vector 


Singleword selected 
B vector C 


+16 


2 . 3 


-54 


+72 


5,6 


-75 


-54 


7FFF , - 


-64 


-75 




-15 


+71 






-64 






-15 






+14 
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REPLACE INSTRUCTION 



A vector replace instruction accepts as inputs a contiguous list of 
replacement elements from sector and a contiguous list of indices from 
vector B. Elements from vector A replace previously existing elements in 
a central memory region defined as the C output array. .^Elements of the C 
output array that are replaced with elements of vector A are those ele- 
ments for which the index location in the ^ output array corresponds to 
the index value given by the elements of vector i. 



Programming Notes : 



(1) The length specification of the self loop (L-field) for a vector re- 
place instruction should be set equal to the number of replacement ele- 
ments Iq. vector A. This value is also equal to the number of indices of 
vector B. 

(2) Each index value given by vector B is a positive fixed point halfword. 
Vector B should be a contiguous list of monotone increasing halfvrards. 

(3) An index value of zero selects the first element of vector A. 



(4) If inner or outer loops are employed, then it becomes a requirement 
that each self loop be of the same length. In general, the length of the 
data replacement vectors throughout all of the inner and outer loops are 
not the same length. In order to obtain meaningful results using inner 
and oute^r loops, a dummy region of memory must be established at the end 
of the C data output arr^ for each self loop. The size of the dummy re- 
gion for each self loop C output array is equal to one plus the difference 
between the sizes of the maximum and minimum data replacement vectors as 
found by searching the data replacement lists throughout all inner and 
outer loops. 

For the case of a self loop passing over the maximum data replacement 
vector, one dummy elemen'^is picked up one location past the end of the 
data replacement vector A and is placed in the final address available to 
the dummy output region of that self loop. 

For the case of a self loop passing over the minimum data replacement 
vector, the first duniny replacement element after the last data replace- 
ment element is picked up and placed in the first location past the data 
output array, which is at the beginning of the dummy output region. The 
last duniny element is placed in the final address available to the dummy 
output region of that self loop. 

This procedure establishes a constant number of replacement elements 
and indices for each self loop. The number of elements of the data output 
array is assumed to be constant for each self loop. 
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OP CODE 


MNEMONIC 


INSTRUCT ION 


B8 


VREP 


Replace singlewords in vector C 


B9 


VREPH 


Replace halfv/ords in vector C 


BB 


VREPD 


Replace doublewords in vector C 



Example: A 


singlev^/ord replace instruction using one self 


loop of length 4. 


Single'wprd 
vector A 


Halfword 
index vector B 


~y 

Single vector C 
before replacement 


Singleword vector C 
after replacement 


-54 


2 , 3 


16 


16 


-72 


5,6* 


72 


72 


-64 




27 


-54 


-15 




36 


-72 






71 


71 






32 


-64 






8 


-15 






14 


14 
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UNASST6NED OPERATION CODES 



CP Scalar Illeg a l Operation Co des 



10 


5E 


79 


A5 


11 


5F 


7B 


• A6 






7E 


A7 




61 


7F 


AE 


26 


63 




AF 


1 


69 


9A 




53 


6B 


9B 


B1 


57 


71 


9E 


B2 


5A 


73 




B3 


5B 


76 


A3 


B4 


50 


77 


A4 





B5 


C2 


DA 


FI 


B6 




DB 


F3 


B7 


DO 


DC 


F5 


B8 


D1 


DO 


F7 


B9 


D2 


OF 


F9 


BA 


D3 




FA 


BB 


D4 


EA 


FB 


BC 


05 


EB 


FD 


BD 


06 


EE 


FE 


BE 


. 07 


EF 


FF 


BF 











CP Vector Illegal 


Operation Codes 


OX 


60 


C2 


IX 


61 


C6 




62 


C8 


2X 


63 


C9 






CA 


3X 








A3 


CB 


7X 


A4 


CE 


8X 


A5 

A6 


DA 


9X 


A7 




BX 


AE 

AF 


EA 

EB 


FX 




EE 






EF 



where x represents any one of 16 possible codes {0,1, 2, 3, . . .C,D,E,F) 
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SEQUENTIAL INDEX OF INSTRUCTIONS 



MM EM 

"ODE , INSiTdJCTION 



OP PAGE 
CODE .JiX 



L LOAD /sRlTH KLG SINGLE LGTH WU 

L LOiD BASE REo SINGLE LGSH IB 
L LOfiD INDEX RtG DR VICTOR PARAM REG SINGLE LGUi IC 
LI LOAD INPEO TnTC ARITh kCG SINGLE LGIH 5A 
LI load inked INTC index REG CR VECTOR PARAN REG SNGLE 5C 
LH LCA4) ARITH REG HALF LGfH wC IS 
LIH LOAD INKED IKTL AP I It- RTG EALE- LGTE ‘55 
LR LGAU KEKCRY RH wL INTO ARITH R^^G RH ,^ID ID 
LL LOAD ME-HCRY Rh KL INTO ARITH REG LH v^D 19 
LD load ARITH REG DsjLE LCTI- WC 17 
LM LOAD KAG FIXLD OCINT SINGLE LGTH AkITH REG : 3C 
LMH LOAD KAG FIXED PCINl HALF LGTH ARITH REG 3D 
LMF load. KAG float PDIN! SINGLE: LGTH ARIIH REG 3E 
LMD LOAD KAG FLOAT PCINT DELE L G I !T ARITH RtG 3F 
LN LOAD NEG FIXED PCINT SINGLE LGIH (LD 2*S CGKPIARITH R30 
LNH LOAD NEG FIXED PCINT HALF LGTH ARITH RtG 31 
LNF load NE-G FLCAT PCINT SINGlE LGTH ARITH REG 32 
LND LOAD NEG FLCAT PCINT C6LE LGTH ARITH REG 33 
LNM LOAD NE-G MAQ EIxtD POINT SINGLE LGTH ARITH REG 38 
LNMH LOAD NEG FIXED PCINT HALF LGTH ARITH REG 39 
LNMF LOAD NEG KAG FLOAT POINT SINGLE LGTIi AKiTH REG 3A 
LNMD load NEG MAG FLOAT PCiNT DELE LGTH ARITH REG 3B 
LF ■ LOAD BASE REG file, REG 1-7 IB 
LF LOAD BASE REG FILE, REG H-F IB 
LF LOAD ARITH REG FILE, REG LC~W IB 
LF LOAD ARIIH REG FILE, REG Ib-IF IB 
LF load index REG FILE, REG 20-27 IB 
LF LOAD VECTOR PARAK RtG FILE, REG 2R-2F IB 
LFK LOAD ALL REG ■FILES IF 
XCH exchange ARITH REG lA 
LAH LOAD ARITH MASK 12 
L'Sr: ' 'Lf^AO ARITH CCNDITICN 13 
LLA LOAD LOCK AHEAD 16 
LO load ARITH REG KITE I'S COKP SINGLE LGTH IE 
ST STORE ARITF REG, SINGLE LGTH 2A 
ST STORE BASE REG, SINGLE LGIH 28 
ST STORE INDEX REG GR VECfCR PARAM REG, SINGLE LGTH 2C 
STH store half LGTH, ARITH REG 25 
STR STORE REG Rh INTO KEKCRY RH, ARITH REG 20 
STL store REG LH IMG KEKURY Rh, ARITH REG 29 
STD STORE ARITF REG, DBLE LGTTi 27 
SPS STORE PRGGRAK STATLS WCRD 22 
STZ STORE ZERO, SINGLE LGTH 20 
STZH STORE 2ERC, HALE LGIH 21 
STZD STCRF. zero, CBLE LGTH 23 
STM STORE NEG FIXED POINT SINGLEnORD 34 
STNH STCRE NEG FIXED POINT HALF^^uRD 35 
STNF STORL NEG>tCAf POINT SINGLEVvOKD 36 
STNO store NEG FLCAT POINT ijCGBLEwORD 37 
s~'0 CNF«S CCKPLEKENT SINGLEWCRD 2E 
Sy^H CNF'S CCKPLEKEixT HALFWERD 2A 
STF stoke base REG FIlE, REG 1-7 2B 
STF store base REG EIlE, RtG 8-F 2B 
STF store ARITF REG FILE, REG 10-17 23 
STF STORE ARITh REG FILE, REG IB-IF . • 2B 



26 

26 

26 

27 

27 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

40 

41 

42 

43 

44 

45 
45 

45 

46 
45 

45 

46 

47 

48 

49 

50 

51 

52 
52 

52 

53 

54 

55 

56 

57 

57 

58 

58 

59 

60 
60 
61 
61 
62 
63 
63 
63 
63 



Sequential Index 

,S£C± io .BL- A3 . 



SEQUENT IA L IN DE X (COJ-ITINUED) 



OP 

CODE INSTRUCTION ' CODE 



STORE INDEX REG FILE, REG 2Q-2J . 2B 

STR STORE VECTOR PARAM REG FILE. REG 28-2F 2B 

STEM store all REG F-ILES, REG 1-2F 2F 

A AOO TQ ARITH REG FIXED POINT SINGLE LGTH AO 

A ADD TO BASE KEG FIXED POINT SINGLE LGTH 60 

A ADD TO INDEX OR ^rCTCR PARAM REG FIXED PGINI SINGLE 62 

A! ' ADD IMPED TO AHI1H REG FIXED POINT SINGLE LGTH 50 

AI ADD IMPED TO BASE REG FIXEC POINT SINGLE LGTH 70 

AI ADD fHHED 10 INDEX OR VECTOR PARAP, REG FIXED PT SNGL 72 

AH ADO FIXED POINl HALF LGTH ARITH REG 41 

AIH ADO IMPED FIXED POINT HALF LGTh ARITH REG 51 

AF ADD FLOAT POINT SIiNiGLE LGIF ARITH REG 42 

AFD ADO FLOAT POINT CBL LGTH ARITH REG 43 

AH ADD PAG FIXF:D POINT SINGLE LGTF ARITH KFG 44 

A PH ADD MAG FIXED POINT HALF LGTh ARITH REG 45 

AMF ADD PAG FLOAT POINT SINGLE LGTH ARITH REG 46 

AMFD ADD PAG FLOAT POINT DBL LGTH ARITH 47 

S SUBTR FIXEC POir^T SINGLE LGTH ARIT!^ REG 48 

SI SUBTR IMPED FIXED POINT SINGLE LGTH ARITH RFG 58 

SH SUBTR FIXEC POINT HALF LGTH ARITH REG 49 

SIH SUBTR IMPEC FIXEC POINT HALF LGTH ARITH REG 59 

SF SUBTR FLCAT POINT SINGLE LGTH ARITH REG 4A 

SFO SUBTR FLOAT PT DBLE LGTH ARITH REG 4B 

SM SUBTR PAG FIXEC POINT SINGLE LGTH ARITH REG 4C 

SHH , SUBTR PAG FIXED POINT HALF LGTh ARITH REG 4D 

SUBTR HAG FLCAT POINT SINGLE LGTh ARITH REG 4E 

_..rO SUBTR HAG ELOAI POINT DBLE LGI H ARITH REG 4F 

H MULTIP FIXED POINT SINGLF. LGTH ARITH REG 6C 

H HUtriP BASE KEG 68 

H HULTIP INDEX OR VECTOR PARAM REG 6A 

HI HULTIP IPHED FIXED POINT SINGLE LGTH ARITH REG 7C 

MI HULTIP IHHED TC BASE REG 78 

MI MULTIP IHMED TC INDEX OR VECTOR PARAM REG 7A 

MH HULTIP FIXED POINT HALF LGIH. ARITH KEG 6D 

HIH HULTIP IPHED FIXED POINT HALF LGTH ARITH REG 7D 

MF HULTIP FLOAT PCInT SINGLE LGTH ARITH REG 6E 

KFD HULTIP FLOAT PCINT DBLE LGTH ARITH'REG 6F 

C DIVIDE FIXED POINT SINGLE LGTH ARITH REG 64 

01 DIVIDE IPHED FIXED POINT SINGLE LGTH ARITH REG 74 

OH DIVIDE FIXED POINT HALF LGTH ARITH REG 65 

DIH DIVIDE IPHED FIXED PCINT HALF LGTH ARITH REG 75 

DF DIVIDE FLOAT POINT SINGLE LGTH ARITH REG 66 

DFD DIVIDE FLOAT POINT DBLE LGTH ARITH RFG 67 

AND AND ARITH REG EO 

ANOI IMPED AND ARITH REG FO 

OR OR ARITH REG E4 

CRI IMPED OR ARITH REG F4 

XQR EXCLUSIVE CR ARiTH REG E8 

XORI -IMMED EXCLLSIVE OR ARfTH KEG F8 

EQC equivalence ARITH REG EC 

SI IPHED EQUIVALENCE ARITH REG FC 

_dO AND ARITH REG DBLE LGTH El 

ORO CR ARITH REG DBLE LGTH E5 

JQBRO EXCLUSIVE OR ARITH REG DBLE LGTH E9 

EQCD EQUIVALENCE ARITH REG DBLE LGTH FO 



PAGE 

tiC. 

63 

63 

65 

65 

65 

66 
6-5 
65 . 
67 
6c 
6c 
6S 
7C 

71 

72 

72 

73 

73 

74 

74 

75 

75 

76 

77 

78 

78 

79 
79 
79 
81 
81 
81 
83 

83 

84 

84 

85 

86 

87 
B7 

88 
88 
89 

89 

90 

90 

91 

91 

92 

92 

93 

93 

94 
94 
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SE QUENTIAL INDEX (CONTINUED) 



5/69 



MNEM OP PAGE 

cone INSTRUCTIO N CODE Ji^ 



Sh 


AR'fTfi SHIFT FIXFU POINT SINGLE LGTH 


ARITH REG 




CO 


95 


SAH 


ARTIE SHIFT FIXES PUlST HALF LGTH AK 


Ilh REG 






Cl 


97 


SAD 


ART Th SHIFT FIXED POIK! DBLE LGTH AR 


Ir!-1 REG 






C3 


98 


SL 


LOGICAL SHUT SINGLE LGTH ARITH REG 








CA 


99 


SLH 


LO':iCAl. SHIFT EAlF LGTE AR II H REG 








CS 


101 


SLD 


LOGICAL SHIFT LBlE I.GIH ARITH REG 








C7 


102 


SC 


CTRCLLAR SHUT SINGLE LGTH ARITh RIG 








CC 


103 


SC^i 


CTRCLLAfl SEIFT HALF- LGTH 'ARin-' REG 








CD 


lOf 


SCO 


CIRCLLAR SF-. lET DBLE LGU-. ARITH REG 








CF 


*'106 


RVS 


BIT REVERSAL SINGLE LGUi ARITFI REG 








CO 


107 


C 


CCMp/iRE EiXEC POINl SINGLE ARITH REG 








C8 


108 


C 


CCRPARE index REC SINGLE LGTH 








CF 


108 


Cl 


CCEPARE IPEED FIXED PClM SINGLE LGTFi AHITH 


REG 


D8 


10^ 


Cl 


CCMPARE IMPED INDEX FUG SINGLE LGTH 








DE 


loa 


CH 


CCPPARE FIXED FDINI I.ALF LGTH ARITi^ 


Rf G 






C9 


109 


C IM 


CCMPARE IMPEL FIXED PT HALF LGTH AR I 


TH REG 






D9 


110 


CF 


CCMPARE FLCAT POINl SINGLE LGTH ARITH REG 






CA 


no 


CFD 


CCMpARE FLCAT POiNT DBLE LGIH ARlTF-i 


REG 






CC 


111 


CAND 


CCMPARE logical AMU ARlTii REG SINGLE 


LGTH 






E2 


111 


CANDI 


CCMPARE IMPED logical 'AND ARIU^ RFC 


SINGLE 


LGl h 


F2 


112 


COR 


CCMPARE logical OK SINGLE LGTH ARITH 


REG 






E6 


112 


CORI 


CCMPARE IMPED LCGlLAL LR SINGLE LGU-l 


ARITH 


REG 




r-6 


113 


CANDD 


CCMPARE logical AND DFUE LGTH ARITH 


REG 






E3 


113 


• CORD 


CCMPARE logical OR DBLE LGTH ARITH REG 






E7 


114 


BCC 


DRANCh ON CCMPARE CODE 








91 


115 


BE 


IR) EC lALPiUI 


R- 1 






91 


115 


DG 


(R) GR (ALPHA) 


R = 2 






91 


115 


BGE 


(R) GR OR EC (ALPHA) 


R=3 






91 


115 


EL 


(R) LS (ALPHA) 








91 


115 


BLE 


(R) LS OR EC (ALPHA) 


R = S 






91 


115 


BNE 


(R) NOT EQ (ALPi-FA) 


R = 6 






91 


115 


B 


ONCGNCIT IONAl BRANCH 


R=7 






91 


115 


BCZ 


ALL BITS ARE ZERO 


R=1 






91 


118 


BCD 


ALL BITS ARE ONE 


R=2 






91 


118 


BCNH 


NOT PIXED 


R=3 






91 


118 


BCH 


MIXED ZEROS AND CNES 


R = A 






91 


118 


BCNO 


NOT ALL CNES 


R = S 






91 


118 


BCNZ 


NOT ALL ZEROS 


R = 6 






91 


IIB 


BRC 


BRANCH CN RESULT CCDE 








95 


119 


BZ 


(R) EQ ZERC 


R- 1 






95 


119 


BPL 


(R) GR ZERC ■ 


R = 2 






95 


119 


BZP 


(P) CR CR EC ZlRu 


R=3 






95 


119 


BKI 


(R) , LS ZERC 


R = A 






95 


119 


BZM 


(R) LS OR EC ZtRO 


R = 5 






95 


119 


BNZ 


(R) NCT EQ ZERO 


R = 6 






95 


119 


BLR 


BRANCH CN LCGICAl. RESULT 








95 


120 


BRZ 


ALL CITS ARE ZERO 






R=1 


95 


120 


BRO 


ALL BITS ARE CKE 






R = 2 


95 


120 


BRNM 


Nr>T PIXEL 






R=3 


95 


120 


6RM 


MIXED ZEROS AND ONES 






K = A 


95 


120 


BRNO 


NOT ALL CNES 






P = 5 


95 


120 


BRNZ 


NOT all zeros 






R = 6 


95 


120 


BAE 


BRA-mCH CN ARITFMMIC EXCLPTiCN 








90 


121 


eu 


FLCAI PT EXP UNOLHFLOD 






P-1 


9D 


121 


BO 


ELCAl PT EXP UVERCLUW 






P = 2 


9D 


121 



Sequential Index 201 
Section B3 




SEQUENTIAL INDEX (CO N TINUED) 



J.1EM 



Bua 

dx 

sxu 

BXO 

8XUO 

eo 

8DU 

EDO 

80UO 

80XU 

eox 

BOXO 

8DXUO 

8XEC 

IBZ 

I8Z 

iBNZ 

IBNZ 

08Z 

!?BZ 

OSNZ 

CBMZ 

ISE 

TSHE 

JE 

'JSNE 

eCLE 

BCLE 

8CG 

BCG 

PSH 

PUL 

HOD 

8L8 

8LX 

LEA 

LEA 

IMF 

XEC 

HCP 

«CH 

HOP 

FLFX 

FtFH 

FDFX 

FXFL 

FXFO 

FHFL 

FHFD 

::FX 

VECT 

VECTf. 



INSTRUCT 



ON 



FLOAT 

FIXED 
FIXED 
FIXED 
FIXED 
DIVIDE 
DIVIDE 
DIVIDE 
DIVIDE 
DIVIDE 
DIVIDE 
DIVIDE 
DIVIDE 
BRANCH 
INCREMENT 
INCREMENT 
INCREMENT 
INCREMENT 
CECREMENI 
DECREMENT 
DECREMENT 
DECREMENT 

increment 

INCREMENT 
DECREMENT 
DECREMENT 
BRANCH ON 
BRANCH ON 
BRANCH ON 
BRANCH ON 
PISH WD 
PULL WC 



EXP UNDERFLOW 
OVERFLOW 

OVERFLOW CR FLCAI 
OVERFLOW CR FLOAT 



PT 
PT 
PI 
PT 
PT OVR 
CHECK 
CHECK 
CHECK. 
CHECK 
CHK OR 



CR OVERFLOW 



EXP 

EXP 



UNDERFLOW 

OVERFLOW' 



OR FLOAT EXP PT OVR OR UNDERFLOW 



OR FLCAI PT EXP 
OR FLOA] PT EXP 
OR FLOAT PT EXP 
FIXED PT OVR OP 



UNDERFLOW 

OVERFLOW 

UNDER OR OVERFLOW 
FLOAT EXP UNDRFL 



CHECK OR FIXED PT OVERFLOW 
CHK CR FIXED OVR OR FLOAT PT EXP OVRFLW 
CHK OK FIXED OVR OR FLT EXP OVR CR UNDR 
ON EXECUTE BRANCH CCNDITICN TRUE R= 1 
TEST AND BRANCH CN ZERO ARITH REG 
TEST INDEX AND bRANCF ON ZERO 

AND BRANCH CN NCN-ZERC ARITH R 
INDEX AND BRANCH ON NON-ZERO 
AND BRANCH ON ZERO ARITH REG 
INDEX AND BRANCH ON ZERO 
AND BRANCH CN NCN-ZERC ARITH R 



TEST 

TEST 

TEST 

TEST 

TEST 

TEST 

TEST 

TEST 

TEST 

TEST 

ARITH 

INDEX 



INDEX AND BRANCH ON MON-ZERO 
equal ARITH REG 
NOT EQUAL AkITH REG 
equal AR I FH REG 
NOT equal ARim KEG 



AND 

AND 

AND 

AND 



SKIP 

SKIP 

SKIP 

SKIP 



ON 

CN 

CN 

ON 



REG LESS THAN CR EQUAL 
LESS THAN CR EQUAL TO 
ARITH RFC GREATER THAN 
INDEX GREATCK THAN 
ARITH REG 
ARITH REG 



TO 



MODIFY ARITH REG 
BRANCH AND LOAD REG WITH PC 
BRANCH AND LOAD INDEX REG CR 
LOAD EFFECTIVE ADDRESS INDEX 
LOAD EFFECTIVE ADDRESS INIC 
INTERPRET ARITH REG 
EXECUTE 

MCNITCR CALL AND PROCEED 
MCNITCR CALL AND WAIF 
take next INSTRUCTION 
CONVERT FLCAT PT SNGLE LGTH 



VECTOR PARAM 
RECISIER 
BASE KEG 



RFC 



CCNVERT 
CONVERT 
CCKVERT 
CCNVERT 
CONVERT 
CONVERT 
NORMALIZE 
NORMALIZE 
VECTOR 

VECTOR AFTER 



FLOAT 
FLOAT 
FIXED 
FIXED 
FIXED 
FIXED 
FIXED 
FIXED 



PT 

PT 

PT 

PT 

PT 

PT 



R=0 

TO FIXED PT SNGLE 
SNGLE LGTF TO FIXED PT HALF , 
DBLE LGTli TO FIXED PT SINGLE 
SINGLE LGTH TO FLCAT PT SINCl 
SINGLE LGTH TO FLOAT PT DBLE 
HALE LGTH TO FLOAT PT SINGLE 
HALE LGTH TO FLOAT PT DBLE L( 
POINT SINGLE LGTH ARITH REG 
POINT HALF LGTH ARITH REG 



LOADING VECTOR FILE 





OP 


PAGE 




CODE 


NO. 


R = 3 


9D 


121 


R = A 


9D 


121 


R = 5 


90 


121 




90 


121 


R=y 


90 


121 


R=a 


9D 


121 


R-9 


9D 


121 


R^A 


9D 


121 


R^B 


90 


121 


R-0 


9D 


122 


R = C 


9D 


122 


R^E 


9D 


122 


R=F 


9D 


122 


UR ODD 


9C 


123 




88 


124 




8C 


124 


G 


89 


125 




8D 


125 




8A 


126 




8E 


126 


G 


8B 


127 




8F 


127 




80 


128 




81 


129 




82 


130 




83 


131 




84 


132 




86 


132 


- 


85 


133 




87 


133 




93 


134 




97 


135 


9F 


135 




98 


136 




99 


137 




56 


138 




52 


138 




92 


139 




96 


139 




90 


140 




94 


140 




91 


115 


ARITH 


RAO 


145 


RITH R 


A1 


146 


LGTH 


A2 


147 


E LGTH 


A8 


151 


LGTH 


AA 


152 


LGTH 


A9 


153 


TH 


AB 


154 




AC 


155 




AD 


156 


R=1 


BO 


173 


P=0 


BO 


173 




ALP HABETICAL INDEX OF INSTRUCTIONS 



MHEH 




- 






OP 


PAGE 


CODC 




INSTRUCTION 






CODE 


NO. 


A 


ADD !G 


ARITH f^EG FIXED PCIFnT SINGLE LGfH 






40 


65 


M 


ACn ic 


PAi>E RLG FIXED PDlNl SINGLE LGTH 






60 


65 


A 


Ann ro 


INDEX CR VlCILK (^ARAw reg FIXED PCINT 


I\GL F 


62 


65 


AF 


ACn FLi-Ar PCIM SlixGLc lGTF ARITH REG 






42 


68 


AFD 


AC'" FLCAT PCI.M cel L3ri- A.^ITH REG 






43 


69 


AH 


AGO FiXFC PCIM HALF- LCIH ARIFr RCG 






4 1 


67 


Ai 


ACn f^'FhC ir AfUTh REG FIXED PCINI GINGLE 


L G T H 




50 


66 


kl 


AOLI IFF EC TC EASE RrG ElXhC POO'jT GINGlE LGfF 




70 


66 


A! 


AOn IFFFC TC index L’R VlCTCR paraf keg fix 


ED PT SNGL 


7 2 


66 


AIH 


ACC IFFEC FIXEl P:Ii\I FAlF lgtf armf keg 






51 


68 


AH 


A no fag 


FIXED PCINF single LGFE ARITh KEG 






44 


70 


AMF 


ADD FAG 


FLCAT PCINT SINGLE LGTE ARITH REG 






46 


72 


AKFO 


ACn FAC 


FLCAT ,fC, I NT LEE LGTH ARITE 






4? 


72 


AKH . 


Ann FAG 


FIXED PCINT FALF LGTH ARITH REG 






45 


71 


A HO 


A\n ARIlh KEG 






FO 


89 


A HOD 


AND ARITF REG CBLE LG IF 






El 


93 


AND I 


IFMEC A\C ARIfF REG 






FO 


89 


B 


LH':CFC I T I CF AL c ranch . R=7 






91 


115 


BAE 


tP ANCH 


CN AKITEFEIIC EXCEPT ICN 






9D 


121 


BCC 


ER A:\Ch 


CN CCFPARE CGLE 






91 


115 


BCG 


E R At\CH 


CN ARIIE REG greater THAN 






85 


133 


ecG 


BP ANGH 


r:N INDEX GREATER THAN 






87 


133 


BCLE 


F:P A*\CH 


CN ARITI PlG less TIAN CR ECUAL TC 






8 H 


132 


BCLE 


KP ANCH 


CN IND'fX LESS TEAN CR ECUAL TC 






86 


132 


BCM 


FIXEf- ZFHCS ANE. LKEL K = A 






91 


138 


BCNH 


NOT FIXLC R=3 






91 


118 


ECHO 


NOT all 


CNES R=5 






91 


118 


BCNZ 


NOT ALL 


ZERCS R=6 






91 


118 


ECO 


ALL BITS ARE GKF R=2 






91 


118 


BCZ 


ALL BITS ARE ZtP.C R = l 






91 


118 


BD 


DIVIDE 


CHECK 




R = 8 


90 


121 


BOO 


L r V I L E 


CHECK G.< f LCaT RT FXP UVEKFLOW 




R=A 


90 


121 


BDU 


DIVIDE 


CHECK EK FlLaT FT EXP UNOERFECW 




R = 9 


90 


121 


Boua 


DIVIDE 


CHECK CR Fi.lC'U PT EXP UNDER OR CVEKFLLif. 


R = B 


90 


121 


BOX 


DIVIDE 


CHECK CK FlX'-n PI CVERF-LCV, ' 




R = C 


90 


122 


BDXO 


DIVIDE 


CHK CR FIaED LVK CR FLCA F PT EXP CVRFLvn 


R = F 


90 


122 


8DXU 


DIVIDE 


ChK CK FIXED PT DVR CK FLCAT EXP UNDREL 


K = 0 


90 


122 


BDXUQ 


DIVIDE 


Ct K Cr< FIXED LVK GR FLT EXP OVR CR 


DN'CK 


R=F 


90 


122 


BE 


I’M CC 


(ALPHA) R=1 






91 


115 


BG 


(R) CK 


(ALPHA) K=2 






91 


115 


BGE 


(R) GR 


CR ED (ALPHA) R=J 






91 


115 


BL 


( R) L S 


(ALPHA) R=A 






91 


115 


BLB 


BRA.nCH 


AND LCAD KEG VvITh PC 






98 


136 


BLE 


lU LS 


C ■< E C { f. h A ) K ~ b 






91 


115 


BLR 


b H ^ C H 


CN LCCICAL KESDlI 






95 


120 


BLX 


F R A.\CH 


AND LCAC INDEX REG CR VFCTCR PARAK 


RCG 




99 


137 


BHI 


IS) LS 


ZL-KC . K = 4 






95 


119 


BNE 


(R) NCT 


EC (Alpha) r=6 






91 


115 


BNZ 


IRI NCT 


tw ZEKC R=6 






95 


119 


BO 


FLCAT FT EXP LVtKELCv, 




R = 2 


90 


121 


BPL 


(R) GR 


ZEKC R=2 






95 


119 


BRC 


DR A\CFi 


CN HF.SDLT CCnC 






95 


119 



Alphabetical Index 203 

DO 




ALPiiABETICAL INDEX (CO NTINUFD ) 



MHEM 




fiRNM 
BIWO . 
BRNZ 
BRO 
BRZ 

eu 

euo 

BX 

ex EC 

BXC 

BXU 

BXUC 

BZ 

BZM 

BZP 

C 

c 

CANO 

CANGC 

CANDI 
CF 
CFO 
CH * 



CIH 

COR 

CORD 

CORI 

D 

CBNZ 

C8NZ 

DBZ 

CHZ 

OF 

CFD 

CH 

01 

CIH 

OSE 

CSNE 

EQC 

EQCO 

EQCI 

FDFX 

FHFD 

FHFL 

FLFH 

^FX 

y'rO 

FXFL 



INSTRUCTION 

MIXED ZEROS AND CNES R=A 

NOT FIXEC R=:3 

NOT ALL CNES s=5 

NOT all ZERCS 
ALL BITS APE CNF 

ALL BITS ARE ZLRC K=1 

FLCAT PT EXP UNDERFlCK R=1 

FLCAT PT EXP IJNDEPFLCU CR CVERFLCW ' R=-3 

FIXED PT DVERFLCX R=A 

HRANCh CN EXECITE HrANCE CCNUniuN TRuE R--1 OR CED 

FIXED PT CVFRELf’A CR FLCAT EXP C'VERFL(J« R = 6 

FIXED PT CIVERFLCD CR FLCAT EXP DNCERFLC'a P=^5 

FIXED PT CVR CR FLCAT tXP PT OVR CR UNDEkFCLK R=7 

(R) EQ ZERC R-1 

(R)LSCRECZERC R=5 

(R) GR CR EC ZERC R=3 

Cr»‘PARE FIXED POINT SINGLE AkllH REG 

CEMPARE INCFX PEC SIFCLF LGTh 

CfMpARE logical AND ARITH. REG SINGLE LGTH 

GCMpARE LOGICAL AND CDLE LgTH ARITh REG 

CFMPARE IPMED LOGICAL AND ARITH KEG SINGLE LGIh 

CFMPARE FLCAT POINT SINGLE LGTH ARITH REG 

GCMPARE FLCAT POINT CELC LGTH ARITH REG 

GCMRaRE fixed POINT H,ALF LGTH ARITH REG 

GCMPARE IMMEC FIXED POINT SINGLE LGTH ARITT; RtG 

CCMPARE IMMED iNl-EX REG SINGLE LGTH 

GCMPARE IMPED FIXED PI HALF LGTH ARITH REG 

GCMPARE LOGICAL CR oINGcE LGFH ARITH RhG 

GCMPARE LCGICAC CK DPLE LGTEl ARITH REG 

Crvp/iRE IN.MCC LOGICAL CR SINGLE LGTH ARITH REG 

DIVIDE FIXED POINT SINGLE LGTH ARITH KEG 

DECREMENT lESI AND BRANCH CN NCN-ZERC ARITH RfcG 

DECREMENT TEST INDEX AND BRANCH ON NCW-ZERU 

DFCREMENT TEST AND BRANCH CN ZERO ARITH KEG 

DECREMENT TEST INDEX AND BRANCH ON ZERC 

DIVIDE FLOAT POINT SINGLE LGIH ARITH REG 

DIVIDE FLCAT PCINI CfiLE LGTH APITH REG 

DIVIDE FIXED PCINT HALF LGTH ARITH REG 

DIVIDE IMMEC FIXED PCINT SINGLE LGTH ARITh REG 

DIVIDE IMMEF FIXED PCINT HALF LGTH AHFH RES 

DFCREMENT TEST And SKIP CN ECUAL ARITH KEG 

DFCREMENT TEST AND SKIP ON NOT EGLAL ARITH REG 

ECLIVALENCE ARITH REG 

EQUIVALENCE ARITH REG CBLE LGTH 

IMMED equivalence ARITH REG 

CiCNVERT FLCAT PT DELE LGTh TC FIXED PT SINGLE LGIH 
CCNVERT FIXED PI HALE LGTH TC FLOAT PI OBLE LGTH 
CCN'VERT FIXED PT HALF LGTH IC FLCAT PT SINGLE LGTH 
CCNVERT FLCAT PT SNGLE LGTH TC FIXED PT HALF ARITH R 
CCNVERT FLCAT PT SNGLE LGTH TO FIXED PT S wL E ARITH 
CCNVERT FIXED FT SINGLE LGTh TC FLCAT FT CtLE LGTH 
CCNVERT FIXED PT SINGLE LGTH TC FLCAT FT SINGLE LGTH 



OP 


PAGE 


CODE 


NO. 


95 


120 


95 


120 


95 


120 


95 


120 


95 


120 


95 


120 


9D 


121 


9D 


121 


9D 


121 


9C 


123 


9D 


121 


9D ' 


121 


9D 


121 


95 


119 


95 


119 


95 


119 


CO 


1 no 

I 


CE 


108 


E? 


111 


E3 


113 


F2 


112 


CA 


no 


CP 


111 


C9 


109 


DO 


108 


DE 


lOB 


D9 


no 


E6 


112 


F7 


114 


F6 


113 


6A 


85 


8B 


127 


OF 


127 


8A 


126 


8E. 


126 


66 


88 


67 


88 


65 


87 


7 A 


86 


75 


87 


82 


130 


83 


131 


EC 


92 


ED 


94 


FC 


992 


A2 


147 


AB 


154 


A9 


153 


A1 


146 


RAO 


145 


AA 


152 


A8 


151 



ALPHABETICAL INDEX (CONTINUED) 



■NEM 

CODE 



INSTRUCTION 



OP 

CODE 



I8Z 

IB 2 

IBNZ 

IBNZ 

I NT 

ISE 

!SNE 

L 

I 

L 

LAC 
LAM 
ID 
LEA 
LEA 
LF 
LF 
L F 
LF 
LF 
LF 
LFM 
LH 
f 

LI 

LIH 

LL 

LLA 

LK 

LMO 

LMF 

LMH 

LN 

LNO 

LNF 

LNH 

LNM 

LNMU 

LNPf 

LNMh 

LO 

IR 



1 NCRE-MENT 
I NTREMFr:! 
INT-UPtM 
I 'nJCRLMEM 
I NTLRPRt T 
1 NCkEMF \T 
INCKEME\T 
LCn; AFITH 



LTAb 
LOAU 
L 0 H: 
LOAD 

LPAC 
L n A D 
LOAD 

load 

lead 

load 

LPAC 

load 

load 

load 

LPAD 

LnAD 

LOAD 

LOAD 

LCfiU 

load 

LOAD 

load 

L V. A C 

LPAU 

load 

LOAD 
L f ’ A 0 
LOAD 
load 
load 

load 

load 

load 

LOAD 



TEST 
TF ST 
TEST 
TL ST 

AH n ^ 
IKS! 
TEST 
E G 

RASE TEG 1 
IDCEX REG 
AKMTH CLM 



REG 



AND BRANCH CN ZERO ARITH REG 
INDEX AND BRANCH ON ZERO 
AND BRANCH CN NCN-ZERO ARITK! 
INLLX AND BRANCE CN NCN-ZERC 
REG 

ECUAL ARITH REG 
NCT CCCAL ARITH REG 
NC 



CN 



am; skip 
ANT SKIP ON 
SINGLE LGTH 
INGlE LGU- 
OR vLCrCR PARAM 
I T k: N 



REG SINGLE LGTH 



A K I 1 1 i 
AR 1 TH 
EFFECT I VE 
EFFEC 1 1 VF 
BASF KEG K 
BASE RF.G i 
ARIIH PEG 
A R I I H TEG 
INDEX REG 
VEGTGR 
ALL RE 



R A Sk 

REG DBLE 



LGTH KC 

ADDRESS INDEX RCCISTER 
ADDRESS INTC BASE REG 
TCP, REG 1-7 
IlE, P.EG H-F 
file, ITLC lC-17 
FILL, RLC 18-lH 
riLE, REG 2C-27 
PARAF REG FILE, KEG 28-2F 
FILES 



AR ITH 
I pi^FL 
I F K F 0 
I F V E C 



REG HAlF' LG FH ir,D 
INT.. ARITH REG SINGLE LGTH 
I NFL INDEX rLG CR AFCTCK PARAf-' 
I NT L AR n h REG HALF LGTH 



86 

8C 

89 

80 

92 

80 

81 

lA 

18 

1C 

13 

12 

17 
56 
52 
IB 
IB 
IB 
IB 

18 
IB 
IF 
15 
54 



REG SNGLE 



MEFCRY BH VvD 
LOCK AEit AL 



INTC ARITH REG LH hV 



RAC 

FAG 

FAG 

FAG 

\EG 

NFG 

NEG 

NEG 

NEG 



F I X E L 
FLCAI 
F L C A r 
F IXEL 
FIXED 
FLCAI 
FLOAT 
FIXED 
FAC 
FAG 



POINT 
POINT 
POINT 
PL I NT 
PCINT 
POINT 
PE I NT 
PCINT 
F IXED 
F i-OAT 



SINGLE LGFH ARITH REG 
DELE LGIH ARITH REG 
SINGLE LGTH ARITH REG 
HALF LGTH AKITH REG 
SINGLE LGTH (LD 2'S CCFPJARITH 
DELE LGTH ARITH REG 
single LGIH ARIIH REG 
hale LGIH ARITH REG 
POINT SINGLE LGTH, ARITH R£G 
POINT DBLE LGTH ARIIH REG 



55 

19 

16 

3C 

3F 

3E 

3D 

R30 



NEG 



F 


FULTIP 


BASE 


F 


FLLFIP 


INDEX 


F 


FULTIP 


FIXED 


FCP 


F r N I It: 


K c/ac 


FCR 


F r N> IT c 


R CALL 


FF 


FULTIP 


FLOAT 


FFD 


FUf. IIP 


FLOAT 


>I 


FULTIP 


iM.-iED 


FI 


FULI IP 


I F R D 


FI 


Fl!L IIP 


I F / f Q 


FH 


FtLTIP 


F I < E r 


FIH 


FULIIP 


1 FrEO 


FDD 


fcdify 


ARIIH 



FAG Float POINF SINGLE LGTH ARITH 
NEG FIXED PCINT HALF LGTH ARITH REG 
APITh REG ^,ITH I’S CUFP SINGLE LGTH 
FEFCRY RF' WD INTC ARITH REG RH WD 
REG 

CH VECTOR PARAF RFG 



REG 



PL INI SINGLE LGTH APITH RFG 



A N U 



PRuCbEC 
A N D ..All 

PL Inf sInGlE LGTH ARITH REG 
PUNT DELE LGTH ARI FH REG 
FC nASE REG 

FE INLEX CR VECTOR PARAF REC 



r IXLD 
PL OvF 
F I XbD 
REG 



POINT SINGLE LGTH AD.ITH REG 



HALE LGFH. ARITH 
PCINF half LGIH 



REG 

ARIIH 



REG 



PAP4 

JPl. 

124 

124 

125 
125 
139 
128 
129 

26 

26 

26 

49 
48 
33 

138 

138 

45 

45 

45 

45 

45 

45 

46 

29 
27 
27 

30 
32 

50 
^34 

37 
36 
35 

38 



33 


40 


32 


40 


31 


39 


38 


41 


3B 


44 


3A 


43 


39 


42 


IE 


51 


ID 


31 


68 


79 


6A 


79 


6C 


79 


90 


140- 


94 


140 


6E 


84 


6F 


84 


78 


81 


7A 


81 


7C 


81 


60 


83 


7D 


83 


9F 


135 



AT nh;^hoti rsT 



T nrlo V 



MM EM 




ALPtlABtilCAL INDEX (CONTINUED) 


OP 


PAGE 


CODE 




INSTRUCTION 


C0DE_ 


NO. 


'kop 


TAKE NEXT INSTRUCTION R=0 


91 


115 


NFf< 


NCRF.AL 


I2E FIXED POINT HALF LGTF ARITH REG 


AD 


156 




KCFPAL 


IZE FIXED POIM SINGLE LGTH ARllr PvFG 


AC 


155 




CP. ARIIH PEG 


EA 


90 


CHD 


CR ARITH REG CGLE. L.G1H 


E5 


■93 


CRI 


I HHEL 


CR AKITH RFG 


FA 


90 


PSH 


PLSH hD AkITh RFC 


93 


134 


PUL 


PULL WC ARITF RFG 


97 


135 


RVS 


BIT RFVFRSAL SINGLE LGIF ARITH RFG 


C6 


107 


S 


Sir- TP 


FIXED POINT SiNGLD LGTH ARITH REG 


A 8 


73 


SA 


ART Ti- 


SHIFT FIXED FCIAT SINGLE LGTF ARITF KEG 


CO 


95 


SAD 


ART ru 


SHIFT FIXED POINT DbLE LGTH ARITH RFG - 


C3 


,98 


SAH 


APTTF 


SHIFT FIXED POINT HALF LGTh ARITH RFG 


Cl 


97 


SC 


CTRCLLAH SHIFT SINGLE LGTH ARMH REG 


cc 


103 


SCO 


CIPCLLAP SFIF f rSLE lGTF AR I TH RFG 


CF 


106 


SCh 


CIRCULAR SHIFT HALF lGTF ARITH REG 


CO 


105 


SF 


SUP TR 


FLOAT POINi SINGLE LGTH ARIIH KEG 


AA 


75 


SFD 


SUPTR 


FLOAT PT CBLE LGTH ARITH REG 


A8 


75 


SH 


SUFTR 


FIXED PCIN'I HALF LGTF ARITH KEG 


A9 


74 


SI 


SUPTR 


IHHEC FIXED POINT SINGLE LGTH ARITI' REG 


S8 


73 


SIH 


SUPTR 


lr«PFC FIXED POINT HALF LGTH AP.ITH KEG 


59 


74 


SL 


LOGICAL SHJFf SIi\GLE LGTh AkITF RFG 


C4 


99 


SLD 


LOGICAL SHIFT CPlE LGTH ARIIH KEG 


C7 


102 


SLtI 


LOGICAL SHIFT HALF LCTH ARITH REG 


C5 


101 


SM 


SUBTR 


MAG FIXED POINT SINGLE LGTH ARMH REG 


AC 


;76 


SHF 


SUBTP 


MAG FLOAT POINT SINGLE LGTH ARITH REG 


AE 


78 


SHFD 


SLPTR 


MAG FLOAT PCIM DBLE LGTF ARIIH REG 


AF 


78 




SLPTR 


MAG FIXED POINT EALFLGTF ARITH ftOG 


AD 


77 


) 


CMF * S 


COMPLEMENT SUsGLEv'.CRC 


?F 


61 


‘tfiOE 


C\'F» S 


CCMPLFhENT HAlFwCRD 


2A 


62 


SPS 


STFRE 


PROGRAM STaTLS kORC 


22 


57 


sr 


STORE 


ARITH PEG. SINGLE LGTH 


2A 


52 


ST 


STORE 


EASE REG. oINCLE LGTH 


28 


52 


ST 


STERt 


Index klg or vecick pakam rec. single lgih 


?C 


52 


STD 


STORE 


ARMH REG, CBLE LGTH 


27 


56 


STF 


STORE 


RASE kEG file, KEG 1-7 


28 


63 


STF 


STORE 


BASE KEG FILE, REG 0-F 


28 


63 


STF 


STORE 


ARITH REG EiLh, REG 10-17 


28 


63 


STF 


STORE 


ARITH KEG ERE, REG Is-lf 


2B 


63 


STF 


STORE 


INDEX kEG EIL‘:, REG 2C-2 7 ' 


2B 


63 


STF 


STORE 


VECfCR PARAM kF.G FILE, RFG 2B-2F 


28 


63 


STFH 


STORE 


ALL REG FILES, REG L-2E 


2F 


64 


STH 


STORE 


half LGTH, ARITH REG 


25 


53 


STL 


STORE 


REG LH INTO MEMORY Rh, ARITH REG 


29 


655 


STN 


STORE 


NEG FIXED POINT SINGLEwORC 


3A 


59 


STND 


STCRE 


NEG FLOAT POINT CCU8LEW0RD 


37 


61 


STNF 


STORE 


NEG FLOAT POINT SINGLEWORD 


36 


60 


STNH 


STORE 


NEG FIXED POINT HALFWORD 


35 


60 


STR 


STORE 


REG RH INTO MEMORY RH , ARITH KEG 


2D 


54 


srz 


STCRE 


ZERO, ^I.nGLE LGTH 


20 


57 


STZD 


STORE 


ZErtO, CBLE LGTH 


23 


58 


STZH 


STORL- 


ZERO, HALF LGTh 


21 


58 


VFCr 


VECrCR 


• R= 1 


80 


173 


’‘pTL 


VFCTCR 


AFTER LOADING VECTOR FILE r=G 


80 


173 


kCH 


EXCHANGE ARMH REG 


lA 


47 


XEC 


EXFCLTF 


96 


139 


XDR 


EXr.LtSIVE CR ARITH KEG 


E8 


91 


XORD 


EXOLLSIVE CP AHTIh KEG CBLE LGTH 


F9 


94 


XflRI 


IHMEC 


FXCLLSIVE OR ARMH REG 


F8 


91 







OP cod: iNorx of instructions 



OP 

CODE 


MNEM 

CODE 


INSTRUCTION 


PAGE 

NO. 


1.2 


LAM 


LCAD ARITH MASK 


48 


13 


LAC 


LCAC AfUIl- CL.MHTILs 


49 


lA 


L 


LCAC ARITF RlG ^INGlC LGTH vA) 


26 


15 


LH 


L C A i ‘ r? [ I h < c 3 half L G T H Vx C 


29 


1 6 


LLA 


LCAC LCLK Ai-iAC 


50 


1 7 


LD 


lCAC ARITF ';fG C'.XE LG If. vM 


33 


1 8 


L 


LCAC EASE RFC Sl.'sGLE LGTF 


26 


19 


LL 


LG AC NENCRV kF vh: IML ARITH RIG LF wC 


32 


1 A 


XCH 


LXCHA.NGE A 1 ! H REG '• 


47 


10 


LF 


LCAC EASE Rf-G FUE, REG 1~7 


45 


le 


LF 


LCAC BASE R‘"G FIlE, RFC B-F 


45 


10 


LF 


LCAC API IF "LG FILE, RF,: lC-17 


45 


IE 


LF 


LCAtG ARITF kEG FILL, REG lE-lF 


45 


IE 


LF 


LCAC INCEX REG FILE, REG 2C-27 


45 


IE 


LF 


LCAC VECTCk PARAN REG FILE, REG 28-2F 


45 


1C 


L 


LCAC INDEX flt-G lR VECTfR PAkAP REG SINCLF: LCTF 


26 


ID 


LR 


LCAC P E N C R Y R F W t: INTO VU T F- REG R H k G 


31 


IE 


LO 


LCAC ARITF R t G kITF 1‘S.CCPP SINGLE LGTF 


51 


IF 


LFM 


LCAC ALL REG FiLEb 


46 


2C 


STZ 


STCRE ZEHC, bINGLE LGTF 


57 


21 


STZH 


STORE ZFkC, tiALE ‘lGTH 


58 


22 


SPS 


bTCRE PRCGRAf STATcj WC'TC 


57 


23 


srzD 


STCRE ZERC CrLE lGTF 


58 


?A 


ST 


STCRE ARITF (EG, SINGLE LGTH 


52 


'25 


SIH 


STCRE FALF LGTF, ARITF; REG 


53 


27 


srp 


STCRE ARITF RFG, CELF'LGTH 


56 


2 8 


ST 


STCKC EAbE REG, biNGLC lGTF 


52 


29 


STL 


STCRE REG LF IMC f-EPLRY RF, ARITF’ KEG 


55 


2A 


STOH 


STCRE CNE’S LCMLEnENT HALFkCRD 


62 


20 


STF 


STCRE EASE RFG i ILL, REG 1-7 


63 


?B 


STF 


STCRE EASE RLG FILE, REG 8-F 


63 


2E 


STF 


STCRE ARITF kEC FILE, REG 10-17 


63 


2E 


STF 


STCRE ARITF REG FILE, REG 18-lF 


63 


28 


STF 


STCRE INDEX KEG f I L t , PEG 20-27 


63 



2C 

?.C 

2E 

2F 

3C 

31 

32 

33 
3^ 
3b 
3t 

37 

38 
3S 
3A 
30 
3C 
3C 
3E 
3f 
AC 



SU 

ST 

SIR 

STO 

STFM 

LN 

LNH 

LNF 

LND 

STN 

STNh 

SINF 

STND 

LNH 

LNMH 

LtvFF 

LNf'L 

LM 

LflH 

LNF 

LMD 

A 



b T C R £ 
STCKF 
ST COE 
b TCRE 
STCRf 
L C A L 
Lb An 
LCAC 
LCAC 
STORE 
- T C r5 E 
blC TE 
1 r R E 
LEAL; 
LCAD 
LCAC 
LCAL 
LCA[. 
LLAi. 
LC iC 
LCAC 
ADD 



VEL T(J’ 
I \LTX 
REG ^<1 
CM » b 



PAf'.AE U-G FILE, REG 28-2F 
KEG LR VECICR FARAl^ REG, SINGLE 
IML FFNCRY RF, ARITH REG 
CCFPLEFEM SIXCLEKCRD 



LGTH 



ALL 
NEC F 
i\EG 
i\CG 
NEG 
NEC 
NEG 
K E G 
NEG 
[ G 
NEG 
NEC 



R Ki FILES, 
I all PLIM 



F I Xi. i: 

F LLAT 
FLLAT 
F I vEC 
F 1 XEC 
F L i_ A I 
F LGA i 



PC I N I 
iXlM 
FLINT 
FLINT 
PC IN f 
P C 1 N T 
P C I N T 



REG 1-2F 

SIivGLF LCTb (LC 2'S 
FALF LGTF AR I Th REG 
bl -iGLE LGTF ARITH PEG 



DELE LGTF ARITH 
S INGLCkCRC 
FALFMJKC 
b I NGLELLRD 
Li^uiTLCFCHD 
NAG. F I X L L FLINT SINGLE L G T H 
riXSn PC IKT HALF LGTH ARITH 



rf:g 



N A' 
R A 

I'^A 

MAi 



N AG 
N A f] 

r I xLc 
f 1 < h L 
FlgaT 
FLiiAT 



FLOAT 
FLCA f 



FLINT 
PCI NT 



SINGLE LGTF 



AR I TF 
R E G 
AR r Th 



DELE LGTH ARIIF> kFG 



FLINT S'NGLt LGTH ARITH REG 
■PLI.M half LGTF ARITH RFG 
PLIM 1.INGLF LGTF ARITH REG 
PL INI CdLE LGTF ARITH RFG 



TO ARITH REG FIXED FLINT SINGLE LGTH 



63 
52 
54 
61 

64 

LU.^ P ) AR IT H K 38 

39 

40 

40 

59 

60 
60 
61 

41 

42 

43 

44 

34 

35 

36 

37 
65 



R E G 



E G 



Op Code Index 207 

C o 4“ T x -i rt R Q 



OP CODE INDEX ( CONTI r^UED ) 



OP 


MNEH 


Conr 


CODE 

AH 


1T2 


AF 


A3 


AFT3 


AA 


AH 


A5 


AMH 


A6 


AHF 


A? 


Ai^irD 


A 8 


s 


A 9 


SH 


A A 


SF 


AO 


srn 


AC 


SM 


AC 


S?XH 


AE 


SHF 


AF 


SMFD 


>C 


A1 


SI 


AIH 


S2 


LEA 


54 


LI 


55 


LIH 


56 


LEA 


58 


S! 


59 


SIH 


5C 


LI 


60 


A 




A 


-» 


D 


65 


DH 


66 


DF 


6 ? 


Or 0 


68 


M 


6A 


M 


6C 


M 


60 


MH 


6E 


ME 


6F 


HFD 


7C 


AI 


72 


AI 


7A 


Dl 


75 


DIH 


78 


MI 


7A 


HI 


7C 


Ml 


7D 


MIH 


80 


ISC 


81 


ISNE 


82 


DSE 


83 


DSNE 


8A 


BCLE 


85 


BCG 


"■•6 


BCLE 


»7 


BCG 


88 


IBZ 


89 


IBNZ 


8A 


DBZ 



INSTRUCTION 



PAGE 



ADD FIXED PUINf HALF LGIH ARiTH RFG 
ACC FLCAf POINT SINGLE LGTl- ARIIH RFG 
ADC FLCAI POINT CBL LGTH ARITF REG 
ADD FAC FIXED POI.M .SINGLE LGTF ARlTh RTG 
AUO FAC IIXED PiilN! HALF LCIH ARMH REG 
ADC FAG ELLA I PijIRT SINGLE ECU' AR I Fh RFC 
ADD FAC ELCA1 P(;Im 1 DDL LOTH ART: Ft 
SGBTR FIXED PCI NT SINGLE I G FH A^IIH KEG 
SU8TR FIXEC PCirn HAl E LGFH ARITH R.EG 
SUBTR ELGA) PCIM SHOGLE LGIH ARITfi REG ' 

SU8TR FLCM PCIimT DELE LGTH ARITH U'G 
SUBTR FAG FIXED POINT SINGLE LGTH ARITH PcG 
SUBTR FAG FIXED POINT TtALF LGTF AR ! ! H RFC 
SUBTR FAG FLCA! POINT SINGLE LGTr AUTH RlG 
SUBTR FAG FLGAT POINT CDLE LGTH ARITH RIG 
ADD IFFEC TO ARITH REG FIX'U POINI SlNOLh LGTH 
ADD IFFFL FIXED POINT lALF LGTF Ak I T H REG 
LOAD EFFECIIVE ADORESS INTC UASE REG 
LOAD IF.FED I N 1 0 ARllH REG SINGLE LGTH 
load IFFEC INTC ARITH REG EALF LGIE, 



LOAD EFFECIIVE ADDRESS IND^X REGISIFR 

SUHTR INHMEL FIXED POIN! SINGLE LGTH ARiTH RFG 

SUBTR IFFEC FIXEu POINT HALF LGTH ARITE REG 

LOAD IFFEC INTI INDEX REG r ■< VECFlJR PaRAF REG SNGE 

ADD TO BASE REG FIXED POINT SINGLE lGTH 

ADC TC INDcX OR VECTOR PaRAL REG FIXED POl-iI Sl iGLE 

DIVIDE FIXED PLI.nT SINGLE LGTH ArITH P.EC 

DIVIDE FIXED POINT HALF lGTH ARIFH kEG 

DIVIDE float POINT SINGLE LGTH ARIFH REG 

DlVTrjF Float H Ci-Lr LG TF* akITH rlg 

FULTIP BASE REG 

FULTIP INDEX OR v ECTOR PARAM Ri G 

FULTIP FIXED PCINT SINGLE LGTH ARIFH REG 

FULTIP FIXED PLlR! HALE LGTH ARIFH .REG » 

FULTIP FLOAT PfJlNT SINGLE LGFH ARITH REG 

FULTIP FLOAT PCINF CtLE LGFH ART TO REG 

ADD IKrED TO RA..L REG FlXf-f. POINT SlNGlE L f 1- 

AOD IFFPD TO INDEX OR VECFCR PA. CAM :<EG TIXFr. PT SNGL 

DIVIDE IMMED FIXED POINT SriGLO LGIH ARITH REG 

DIVIDE IFFED FIXED POINT H.ALF LGFH ARIFH KEG 



FULTIP IFKED TC BASE REG 

FULFIP IMMED TO INDEX OR VECTOR PARAM REG I 
FULTIP IFFED FlXl'D POINT SINGLE LGTH ARITI. TEG 
FULTIP IFFED FIXED POINT HALF LGHi ARITT- KEG 

I NC'-', F-MEN I TEcjT /U-4U SKIP UN EUUAL AkIIH kEl.. 

INCREFitNI TLSl AND o.^iP UN iMu i '-DJM. At.I.'h < G 

DEC.REMENT TEST AND SKIP ON ECUAL ARITH REG 



OEGREMH,! 
BRANCH ON 
BRANCH ON 
BRANCH ON 
BRANCH ON 
INCREMENT 
INCREMENT 
DECRLF.ENT 



IFST and skip Cn i'iCT cG'lAl. ARITH .ElG 
ARITH REG LESS THAN OR EUJAL TC 
ARIIE kEG greater THAN 
INDEX LESS than OR ECUAL TO 
IN'DEX GREATER THA.N 

IFST AND B'TANCH GN ZERO ARIIH REG 
TEST AND BRANCH CN NCN-ZEKC ARITH KEG 
TF:>T AND BRANCH CN ZERO ARITH :?EG 



U / 

68 

69 

70 

71 

72 

72 

73 

74 
7'5 

75 

76 

77 

78 
78 
66 
68 

138 

27 

30 

138 

73 

74 
27 
65 

88 

85 

87 

^3 



7? 

79 

79 

83 

84 
84 
66 
66 
86 
87 
81 
81 
81 
83 

128 
1 os- 
no 



1 'M 
I O I 



132 

133 

132 

133 



124 

125 

126 



2m 




OP COD E INDEX (CONTINUED) 



5/69 



OP 


HNEM 














PAGE 


CODE 


CODE 


INSTRUCTION 












NO. 


SB 


DBNZ 


DECREMtM TESl AND BRANCH 


CN 


NGN-ZERO ARITH REG 




127 


8C 


I 8Z 


INCREMENI TEST INDEX AND 


BRANCH CN 


ZERO 






124 


8C 


1 BNZ 


TMCREHEN r '1 EST IM;EX AND 


BRANCH ON 


NON-ZERO 




125 


8E 


DBZ 


CECRENCNT TEST iisCCX AND 


BRANCH. ON 


ZERO 






126 


8F 


DBNZ 


DECREMENT T‘-ST IixOfX AND 


BRANCH CN 


NCN-ZERO 




127 


90 


MCP 


FCMTOR CALL ANi) I’KCcEEU 












140 


91 


BCC 


BRANCH CN CCMParL CCJE 












115 


n 


NQP 


TAKE i\CXT I I ^^UC I ILiN 










R = 0 


115 


91 


BE 


(R) EC (ALPHA) 










R=l 


115 


91 


DG 


(KJ GR (ALFltA) 










R = 2 


115 


91 


BGE 


(R) GR CR LC (ALPHA) 










R=3 


115 


91 


BL 


(R) LS (ALPH.A) 










R = A 


115 


91 


BLE 


(K) LS CR LC (ALPHA) 










R=5 


115 


91 


BNE 


(R) NUT EC (ALP)iA) 










R=6 


115 


91 


B 


LNCCNUI T ICNAL ckANCH 










R=7 


115 


91 


BCZ 


ALL BITS ARE ZERC 










R=1 


118 


91 


BCD 


ALL BITS ARE CNE 










R==2 


118 


91 


BGNM 


NCT MIXED 










R=3 


118 


91 


BCH 


FIXED Z^KCS AND CnES 










R = A 


118 


91 


RCNO 


IsCT all CNES 










R = 5 


118 


91 


BCNZ 


NCT ALL ZEROS 










R=6 


118 


92 


INT 


INTERPRET ARl TH REG 












139 


93 


PSH 


PUSH wC ARiTh REG 












134 


94 


HCW 


FCMTUR CALL A.\C WAIT 












140 


95 


BRC 


BRANCH CN RESULT CLDE 












119 


95 


BZ 


(R) E(J ZERC 










R=1 


119 


95 


BPL 


(R) GR ZERO 










R = 2 


119 


95 


B2P 


(R) GR CR LC ZERC 










R=--3 


119 


95 


BHI 


(R) LS ZERC 










R=4 


119 


95 


BZ^f 


(R) LS OR EC ZERO 










R = 5 


119 


95 


BNZ 


(R) NCT EC ZERC 










R=6 


119 


95 


BLR 


branch CN LOGICAL RESULT 












120 


95 


BRZ 


all SITS ARE ZERO 












120 


95 


BRO 


ALL SITS are CNE 












120 


95 


BRMH 


NCT FIXED 












120 


95 


BRM 


FIXED ZEROS AND CNES 












120 


95 


BRKO 


NCT ALL ONES 


's 










120 


95 


BRNZ 


NCI all zeros 












120 


96 


XEC 


EXLCLTE 












139 


97 


PUL 


PULL WC ARITH REG 












135 


98 


BL13 


BRANCH AND LLAC REG KITH 


PC 










136 


99 


BLX 


BRANCH AND LEAD INDEX REG 


CK 


VECTOR 


PARAM 


REG 




137 


9C 


BXEC 


BRANCH CN tXECLIE BRANCH 


CCNDI T ICN 


TRUE 


R=1 OR ODD 


123 


9C 


BAE 


ORANCH CN ARIIHMETIC EXCE 


PT ION 








121 


9C 


BU 


FLCAT PI EXP UNDERFLCW 










R=1 


121 


9D 


80 


ELCAT PT EXP OvERELC»v 










R = 2 


121 


9C 


BUG 


FLCAT PT EXP UixOEKELfJW CR 


CVERFLOw 






R=3 


121 


9C 


BX 


FIXED PT (jVERELuW 










'R = 4 


1 2 1 


9D 


BXU 


FIXED PT UVERELOW CR FLOAT EXP UNDERFLLV. 




R=5 


121 


9C 


Bxn 


FIXED FT C>/FkFLUV\ OR FLOAT E 


XP OVER 


FLOW 




R = 6 


121 


9C 


BXUO 


FIXED PT OVK OR FLOAT PT 


UVK 


OR CNUEKFLOIv 




R = 7 


121 


9C 


BE 


DIVIDE CHECK 










R=8 


121 


90 


BCU 


DIVIDE CHECK CR ELCAT FT 


FXP 


CNDERFLCW 




R=9 


121 


9C 


BOO 


DIVIDE CHECK (.R FLOAT PT 


EXP 


OVERFLOK. 




R = A 


121 


90 


BDUO 


DIVIDE CHECK u.( FLbAI FT 


FXP 


UNDER 


OK OVERFLOW 


R=B 


121 
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OP CODE INDEX (CONTiNUm 



CODE 


MNEM 

CODE 


9C 


BEK 


90 


BCXU 


90 


80X0 


90 


BDXUO 


9F 


MOD 


AC 


FLFX 


AI 


FLFH 


A2 


FCFX 


A8 


FXFL 


A9 


FTiFL 


AA 


FXFD 


AO 


FHFD 


AC 


NFX 


AD 


NFH 


BC 


vecT 


BO 


VECTL 


CO 


SA 


Cl 


SAH 


C3 


SAD 


C4 


SL 


C5 


SLH 


C6 * 


RVS 




SLD 

C 


C9 


CH 


CA 


CF 


CB 


CFD 


cc 


SC 


CD 


SCH 


ce 


C 


CE 


SCO 


D8 


Cl 


D9 


CIH 


DE 


Cl 


EO 


AND 


El 


ANDO 


E2 


CANO 


E3 


CANDO 


E4 


OR 


E5 


OBD 


E6 


CCR 


E7 


CCRD 


E8 


XCR 


F9 


KCRD 


EC 


ECC 


ED 


ECCD 


FO 


ANCI 


v> 


CANDI 




ORI 


F6 


CCRI 


F8 


XCRI 


FC 


EQCl 



INSTR UC TION 

DIVIDE CHECK OR FIXEO PT OVERFLOh R=C 

DIVIDE CHK OR FlXCr DVR OR FLGAl PT EXP UVKFLOCi R=D 
DIVIDE CHK OR FIXED CVR CR FLCAI PI EXP OVRFLV>f R=F 
DIVIDE CHK Ok FIXLC DVR CR FLGAT P] EXP CVRFLW R=F 
POCir-Y ARIfH REG 

CGNVERI ELI AT PT DNGLE IGTF TC FIXED PI .S.'JCLE AKITH R 
CONVERT float PT SKGlE LGTH TC FIXED T HALF ARITH R 
CONVERT FLCAT PI DELE LGTH TO FIXED PI GfOGLF LGTH 
CGNVERI FIXED PT SINGLE LGril IC FLGAT PT SINGLE LGTH 
CONVERT FIXED PT HALF LGTH TC FLCAT PT SINGLE LGTH 
CONVERT FIXED PI SINGLE LGTH TO FLCAT PT DOLE LGTH 
CONVERT FIXED PT HALF LGTH TO FLOAT PT DBLE LGTH 
fsCRHALlZE FIXED PC I NT SINGLE LGTH ARITH REG 
NORMALIZE nXEC POINT HALF LGTH ARITH REG 
VECTOR 

VECTOR AFTER LOADING VECTOR FILE 

ARITH SHIFT FIXED PCINT SINGLE LGTH ARITH RF:G 

ARITH SHIFT FIXED PC'iNT HALF LGTH ARITH REG 

ARITH SHIFT FIXED PCINT D3LE LGTH ARITH REG 

logical SHIFT SINGLE LGTH ARITH REG 

LOGICAL SHIFl HALF LGTH ARITH REG 

BIT REVERSAL SINGLE LGTH ARITH REG 

LOGICAL STUFT DBLE LGTH ARITH REG 

COFPARE FIXED POINT SINGLE ARITH kEG 

CCPPARE FIXED POINT HALF’.LGTH ARITH REG 

COMPARE FLCAT POINT SINGLE LGTH ARITH REG 

COMPARE FLCAT POINT DBLE LGTH ARITH REG 

CIRCULAR SHIFT SINGLE LGTH ARITH REG 

CIRCULAR SHIFT HALF LGTH ARITH REG 

COMPARE INDEX REG SINGLE LGTH 

CIRCULAR SHIFT DBLE LGTH ARITH REG 

COMPARE IMMED FIXED POINT SINGLE LGTH ARITH REG 

COMPARE IMMED POINT HALF LGTH ARITH REG 

COMPARE IMMED INDFX REG SINGLE LGFH 

AND ARITH REG 

AND ARITH RFG DBLE LGTH 

COMPARE logical AND ARITH REG SINGLE LGTH 
COMPARE LOGICAL AND DBLE LGTH ARITH KEG 
OR ARUH REG 
CR ARUH REG dole LGTH 

COMPARE logical CR SINGLE LGTH ARITH REG 
COMPARE LOGICAL CR DBLE LGTH ARITH REG 
EXCLUSIVE CR ARITH REG 
EXCLUSIVE CR ARITH REG DBLE LGTH 
EQUIVALENCE ARITH REG 
equivalence ARITH REG DBLE LGTh 
IMMEC AND ARITH KEG 

COMPARE IMMED LOGICAL AND ARITH REG SINGLE LGTH 
IMMED CR ARI IH REG 

COMPARE IMMED LOGICAL CR SINGLE LGTH ARITH REG 
IMMED EXCLUSIVE CR ARITH REG 
IMMED EQUIVALENCE ARITH REG 



PAGE 

NO. 



122 

122 

122 

122 

135 

145 

146 

147 

151 

153 

152 

154 

155 

156 
173 
173 

9b 

97 

98 

99 
101 

107 
102 

108 
109 

no 
111 
103 
105, 
108 
106 . 
ICW 
no 
log 

89 
93 

111 

113 

90 

93 
112 

114 

91 

94 

92 
94 

89 
112 

90 
113 

91 

92 



210 




MNEM 

CODE 



VE CTOR SEQUFMTIAL INDEX OF INSTRUCT IONS 
INST RUCTION 



OP PAGE 
CODE NO. 



VA VCCTCR ADD FIXED PUITmT SINGLE LGFH 

VAH VFCICP. ACC FIXED Pf.INT HALF LGIH 

VAF VFCTCR ADD FLCAl PLIM SINGLE LGTh 

VAFD VFC FLU ADD FLOAT PC IKT Ul'.LF LGFH 

VAM VFCTLR ACC PAG FIXED POINT SINGLE LGTH 

VAMH VFCTCR ADD PAG FIXED PL INI HALF LGTH 

VAMF VFCTCR ADD PAG FLOAT PCIi\T SNGLF LGTh 

VAMFC VFCrCR ADD KAG FLOAT POINT CBLF LGTH 

VS VFCILh; SUblR FUEL PLI.\F SImGLF LGTH 

VSH V»'C1CR SLBIR FIXED PC, I NT HALF LGFH 

VSF VFCTCR SGBFR FLOAT PL’INT SINGLE LGTH 

VSFD VFCTCR SUbTK FLCjaI PCFiMT DCLE LGTH 

VSM VECTOR SLBTR PAG FIXED POINT SINGLE LGTh 

VSHH VECTOR SLhfR PAG FiXLD POINT HALF LGTH 

VSMF VFCTCR SOBfR MAG FLOAl POINT SINGLE LGTH 

VSMFC VFCTCR SGHIR MAG FLOAT POUT DBLE LGTH 

VM VFCTC.'l MLLT FIXED POINT SINGLE LGTTi 

VHH VECTOR P.ULT FIXED POINT HALF LGTH 

VMF VECTOR PULT FLOAT POINT SINGLE LGTH 

VMFD VECTOR PGLT ' ELOAI POINT GBLE LGTH 

VDP VFCTCR DOT PROCUC T FIXED POINT SINGLE LGTH 

VOPH VFCTCR OCT PROLUCT FIXED POINT HALF LGTH 

VDPF V'^CTCR DOT PRLlUu I ' FLL'AT POINT SINGLE LGTH 

VDPFC V«^CTCR DCI PRODUCT FLOAT POINT DOLE LGTH 

VD VECTOR DIVIDE FIXED POINI SINGLE LGTH 

VOH VFCTCR DIVIDE FUEL POINT HALF LGTH 

VDF VECTOR DIVIDE FLOAT POINT SINGLE LGTh 

VDFD VFCTCR DIVIXE FLOAT POINT CBLE LGTH 

VAND VFCTLR LOGICAL At\C SINGLE LGTH 

VOR VECTOR LOGICAL OK SINGLE LGTH 

VXOR VECTOR LOGICAL OXClUSIVE OR SINGLE LGTH 

VEQC VECTOR LOGICAL ElUIVALENCH SINGLE LGTH 

VANDE VECTOR LOGICAL AnU DE'.lE LGTH 

VORD VFCTCR LOGICAL OR DBLE LGTh 

VXORC VECTOR EXCLUSIVE OR DBLE LGTH 

VEQCE VECTOR EGUIVALLNCE DBLE LGTh 

VSA VECTOR ARITH SHIFT FIXED POINT SINGLE LGIH 

VSAH VECTOR ARITH SHIFT FIXED POINT HALF LGTH 

VSAD VFCTLR ARITH SHIFT FIXED POINT DBLE LGTH 

VSL VECTLR LCoICAL SHIFT SINGLE LGTH 

VSLH VFCICR logical SHIFT HALF LGTtI 

VSLD VFCTCR LOGICAL SHIFT DBLE LGTH 

VSC VECTLR circular SHIFT SINGLE LGTH 

VSCH VECTOR CIRCULAR SHIFT HALT LGTH 

VSCD VFCTCR CIRCULAR SHIFT DBLc LGTH 

VMGH VECTOR MERG^^ HALFGCS 

VMG VFCTCR PERGF.SNGLt ‘^jLS 

VMGO VFCTCR MERGE iJbLE wDS 

VO VFCTCT ORDER SiNGLEWCs FUEL PT 

VOD VFCTCR ORDER HALF ‘^US FUtC PT 

VOF VFCrCR ORDER SUiuLLi.DS FLOAT PT 

VOFO VECTOR ORDFR DBLt VHJS FLOaT PT 



174 

174 

174 

175 
175 
175 
175 
175 
175 
175 

' 175 
175 
175 

175 
■■''176 

176 
176 
176 

"178 
1 78 
178 
178 
' 178 
178 
178 

178 
"179 

179 
179 

" 179 
179 
179 
"l79 
179 
179 



Vector Sequential Index 21] 
Section B3 




MNEM 

CODE 



VC 


VECTOR 


VCH 


VECTOR 


VCF 


VECTOR 


VCFD 


V?=CTCR 


VCAND 


VECTOR 


VCANCOVFCTCR 


VCOR 


VECTOR 


VCORD 


VECTOR 


VL 


VECTOR 


VLH 


VECTOR 


VLF 


VECTOR 


VLFD 


VECTOR 


VLM 


VECTOR 


VLHH 


VEC rcR 


VLMF 


VECTOR 


VLMFC 


VECTOR 


vss 


VECTOR 


VSSH 


VECTOR 


VSSF 


VECTOR 


;ssFc 


V E C T C R 


VSSM 


VECTOR 


VSSHH 


VECTOR 


VSSMF 


VECTOR 


VSSMf DVECTCR 


VPP 


VECrCR 


VPPH 


VECTOR 


VPPF 


VFCTCR 


VPPFC 


VECTOR 


VFLFX 


VECTOR 


VFLFH 


VFCTCR 


VFOFX 


VS^CTCR 


VFXFL 


VECTOR 


VFXFC 


VECTOR 


VFHFL 


VEC rcR 


VFHFD 


VFCTCR 


VNFX 


VECTOR 


VNFH 


VECTOR 



V ECTOR SE QUENTIAL INDEX (CON TINUED) 



INSTRUCTION 



ARITH CCHP FlXf l.) PT SINGLE LOTH 
ARITH COMP '"IXEL PT ri\LE LGTH 
ARIfh CCf-P fLL ^i PT ^ INGLE LGTH 
AKIIH CCGP f-LCar PI GoLE LGIH 
logical CUKP GSING ANU SINGLE lG TH 
logical CG/'-P USI.NG ANiJ LPLE LGTH 
logical CGP!’ CP SINGLE LGTI! 

LOGICAL CCPP CSIi\G CP OBLE LGTH 



SRCH 


FOR 


SRCH 


FOR 


SRCH 


FOR 


SRCH 


FOR 


S R u H 


FOR 


SRCH 


FOR 


SRCH 


FOR 


SRCH 


FUR 


SRCH 


FOR 


SRCH 


FOR 


SRCH 


FUR 


SRCH 


FCR 


SRCH 


FOR 


SRCH 


FOR 


SRCH 


FOR 



LOST AKITH ELEMENT FlXCi) PT SINGLE LGTH 
LGST APITH ELEPENT FIXEU PT HALE LGTH 
LGST AKITH ELEPFNT FLOAT PT SINGLE LGTH 
lGST ARITM element float PT CKLE LGTH 
LGSI PAG FIXED PT SINGLE LGTH 
lGST hag fixed PT HALF LGTH 
LGST HAG i-LOAT PT SINGLE LENGTH 
LGST HAG FLOAT PT OBLE LGTH 
SHLST ARllF ELEMENT FiXEG PT SNGLE LGTH 
SHLS1 AfU TH ELFNENT FIXED PT HALE LGTH 
SHLS1 ARITIT ELEMENT ELOA ! PT SNGlE LGTH 
bHLST ftRTTF ELEMENT FLOAT PT LHLE LGTH 
SHL:,T MAG FIXED PT SINGLE LGTH 
SMLST HAG FIXLC PT HALE LG EH 
SMLST HAG FLOAT PT SINGLE LGTH 



SRCh FOR SMLST MAG FLOAT PT I;BLE LGTTi 
PEAK FIXFU PT SINGLE LGTH 
peak fixed pi Half LGTH 
PEAK FLOAT PT SINGLE LGTf: 

PEAK FLCAT PT fJBLE LGTH 

CNVRT FLOAT PI SNGLE LGTH TO FIXED PT SNGLF LGTH 
CNVRT FLOAT PT SNGLE LGTH. TO FIXED PT HALF LGTH 
CNVRE Float pi DBlF lgtf to fixed PT SnGLLE lgth 
CNVRT Float pt sngle lgth to float PT :>NGLE lgth 



CNVRE float pt SNGLE LGTH TO FLOAT PT DBLF LGTH 
CNVRT FIXLD PT liALF LGTH TO FLOAT PT SNGLE LGTH 
CNVRT FIXED PT HALF- LGTH TO HLOAT PT CuLF LGTH 
NORMALIZE FlXFi; PI ;> INGLE LGTH 
NCRMALIZE FIXLD PT HALF LGTH 



OP 


PAGE 


CODE 




DO 


183 


D1 


183 


D2, 


183 


D3 


183 


E2 


185 


E3 


185 


E6 


185 


E7 


185 


SO 


187 


51 


187 


5 2 


187 


53 


187 


54 


187 


55 


187 


56 


187 


57 


187 


58 


187 


59 


187 


5A 


187 


5B 


187 


5C 


187 


5D 


187 


5E 


187 


5F 


187 


DC 


188 


DD 


188 


DE 


188 


DF 


188 


AO 


190 


Al 


191 


A2 


191 


A8 


19? 


AA 


193 


A9 


193 


AB 


194 


AC 


195 


AD 


195 



212 




VECTOR ALPHABETICAL INDEX OF INSTRUCTIONS 



MNEM 




CODE 




V A 


VFCICR 


VAF 


VFGTCR 


VAED 


V C T C R 


V AH 


V r G-T C R 


V AM 


V E C f C R 


V AMF 


VFC ICR 


V AMEC 


V F- C T L. R 


VAMH 


VFCICR 


V AND 


V F C T C R 


VANOC 


VECTOR 


VC 


VCC rCR 


VC AND 


VECTOR 


VCANDDVFC ICR 


VCF 


V F c r C R 


VCFD 


VFGTCR 


VCH 


VHCTCR 


VCOR 


V F a c R 


VCOFTD 


VFCICR 


VO 


VFGTCR 


VDF 


VECTOR 


VDFO 


VECTOR 


VOH 


VEC rcR 


VOP 


V E r f c R 


VDPF 


VEC 1 C R 


VnPFL 


VEC TCR 


VOPH 


V F C T C f< 


veuc 


V F n C. R 


VEQCL 


VFGTCR 


VF'DFX 


VfCTCK 


VEHFL 


VFCI CR 


VEHFL 


VECTOR 


VFLFH 


VFGTCR 


VFLEX 


V F C IC R 


VEXED 


VECTOR 


VFXFL 


VICTOR 


VL 


V^C TCR 


VLF 


vFf re R 


VLFD 


VECTOR 


VLH 


VECTOR 


VLP 


V E r T L .T 


VLMF 


VEC rr.R 


VLMEC 


V F c i C R 


VLHH 


VEC rCR 


VM 


VEC 1 CR 


VMF 


VEC Ilk 


VMFD 


vector 


VMG 


V E r 1 c R 


VMGD 


VECTOR 


VHGH 


VFf TLR 


VPH 


V E C I L R 


VNFH 


VECTOR 


VNFX 


VFCrCR 



INSTRUCTION 



ADD FIXED PCIM SINGLE LGTH 
ACD FLCAT PCINT SINGLE LGTH 
ADD FLf.'Ar PCiM CiiLE LGIH 
ACD FIXED PCiiM HALF LGTH 
ADD HAC riXEt; OLIXT SINGLE LGTH 
ADC FLCAT PL I NT SNGLE LC TH 

ACC f^AG FLCAT PCIN-T CdLE LGIH 
ACD HAG FIXED PCINT HALF LGTH 
LCGICAL A,xC single lGIH 
LCGICAL AfsL DELE LGFE 
APITE CCVP FIXED PT SINGLE LGTH 
LCGICAL CCFF LSING AND SINGLE LGTH 
LCGICAL ClHP LSING AND CHLE LGIH 
ARITH CCHp FLCAT PT SINGLE LGTH 
ARIlh CCHP FLCAT PT L3LE LGTH 
ARITH CL-^P FIXEI. PT HALF LGTH 
LCGICAL Clef USInG CD- single LGTH 
LCGICAL GCHF LSING CR DELE LGTH 
CIVILE FIXEC PQIM SINGLE LGTH 
DIVICE FLLA1 PCINT SINGLE LGTH 
DIVIDE FLLAI PCINT CHuE LGTE 
CIVICE FIXED PCINT HALF LCTF- 
DCT FRCLLCT. FlXfcC PCIN-T SINGLE LGTH 
CCT PHCLLCl ElCAT PCINT SINGLE LGTH 
!^CT FRCLLCT ELCAl PCINT DBLE LGlH 
DCT FRLDUCT FIXEC PCINT HALF LGIH. 

LCGICAL reel valence- SINGLE LGTH 
ECUfVALHNCE LEU LGTH 

CNVRT FLLAI PT LCLE lGTH TC FIXED PT SNCLLE LGTH 
CNVRT FIXED PT FALL LGTH TG FLCAT PT CdLH LGTH 
CNVRI FIXEC PT HALE LGTH TC FLOAT PT SiNGLE LGTH 
CNVRT FLOAT PT SNGlE LGTH TG FIXED PT HALF LGTH 
CNVRT FLLAT PT SfsGLE LGTF-: TO FIXED PT snCLE LGTH 



CNVRT rLf’AT 
CNVRT FL 
sRCh FCH 
SRCH 
SRCi 
SRCE 
SRCh 
SRCH 
SRCH 
SRCH 
'^CL I 
NLL r 
HLLT 
NERG-; 

R E R G F 
F E K G C 
PCLT 



PT SNGL 
A I PT oKGl 
LOST AHITII 
LOST A,\IIH 
L(.ST ah; Til 
LG SI ARIFH 
LOST PAG 

L ( ■ s r I’ M 
LGST had 
F (1 R L G S 1 PAG 
EiXEC PCIM 
Float pcint 
ELF: AT PL INI 
SNCLH xLS 
L ? !. i: n D o 
■'HALEk.es 
F I < H C P L I N r H 



LGTH TE FLCAT PT LHLE LGTH 
lCTH TC FLCAT PT sNGLE LGTH 
ELFPFNT FIXED PT SINGLE LGTH 



ECO 
FCH 
ECk 
r-cH. 
FLO 
EO P 



FLOAT 
FLCAT 
F I XEC 
SINGLE 



ELEPL-NT 
ELCPENT 
[ LEPENT 
FIXED P T 
ELL AT PT 
FLCAT PT 
i lXEi; PT HALE 
SINGLE LGTH 
oiNGLE LGTFi 
Ol'LE LGTH 



PT SINGLE LGTH 
PT LCLE LGTH 
PT HALF LGTH 
LGTH 



SINGLE LFNGTF 
DBLE LGTH 
LGTH 



ale LGTH 
nckpaliv- fixed rt half LG(1- 
NCRPAlI/E fixed PT SINGLE LGTH 



OP 

^DE 


PAGE 

MO. 


A 0 


174 


A 2 


174 


A3 


174 


Al 


174 


AA 


174 


A6 


174 


A7 


174 


^ 4 5 


174 


EC 


178 


El 


178 


DO 


183 


£2 


185 


E3 


185 


D2 


183 


D3 


183 


Dl 


183 


E6 


185 


E7 


185 


t) A 


176 


66 


176 


67 


176 


65 


176 


68 


175 


6 A 


175 


6B 


175 


69 


175 


EC 


178 


EU 


178 


A2 


191 


AB 


194 


A9 


193 


Al 


191 


AC 


190 


AA 


193 


A8 


192 


50 


187 


52 


187 


53 


187 


51 


187 


5A 


187 


56 


18,7 


57 


187 


55 


187 


6C 


175 


6E 


175 


6F 


175 


D8 


180 


DB 


180 


DS 


180 


6D 


175 


AC 


195 


AC 


195 
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VECTOR ALPHABETICAL INDEX (CUmiNUED) 



h 

t'Q V'PCrCR 
VOD VECrCR 
VOF VFCfCR 
VOr-D VECICR 
VOB VECTOR 
VOHO V»"CTCR 
VPP VFCTCR 
VPPF- VFCILR 
VPPfO VECTCR 
VP PH VFCTCR 



INSTRUCTION 

ORDER SIVGLL-WCS MXEu PT 
ORDER H 1 . r- V, D S C 1 X 0 C P f 
CRCER SIRGLEWCS ELD/^iT PI 
ORDER DELE 'aDS FlLAI PT 
OR SIKGLE LGTH 
C R iJ P. t . f L G f P 
FIXED PI SINGLE 
ELLA] PI SINGLE 
FLLAI PI 
PI 



VS 

VSA 

VSAD 

VSAH 



VFC ICR 
VECICR 
VEC TOR 
VECTOR 



LOGICAL 

logical 
peak 
P E A K 

peak 
PEAK 
SLR lil 

A R 1 II- 
ARIlh 
AH I I h 



f 



I X E L 
r I X L C 
SLUT 
SL i E T 
SE f M 



C 3 L L 
E A L E 
PC 1 M 
F I X F L 
F I XED 
FIXED 



L G T Fi 
LCTh 
LG IH 
L G i E-. 

singlf lcih 
PC 1\I SICGL 
PCIM ceLE 
PLIMI HALF 



F loth 
L G ! F -, 

LG IH 



OP PAGE 
CODE NO , 

DA 1B1 
D5 "iSl 
D6 181 
D7 181 
E/, 178 
05 178 

DC 188 
.CO 108 
or 18S 
DO 188 
Ad 

CO 1^^ 
C3 179 
ri 179 



vsc 


VFCTCR 


CIRCLLAR SHUT 


SINGLE LCTF 






cc 


VSCD 


VFCTCR 


CIRCULAR SHIFT 


CELL lGTF 






CF 


VSCH 


VFCTCR 


CIRClLAj; Sf-II T 


FALF LCTF 






CD 


VSF 


VrC TOR 


StbfR F'CAi PLIM single LCTfi 






AA 


VSFD 


VECTOR 


SUOTR FI CAT PL 


ITsT DBLE LGTH 






40 


VSH 


VFCTCK 


SLBTR FlXLD PCIM HALF LGTF 






45 


VSL 


V*"CTCR 


LOGICAL SHIFT 


SINGLE LG 11' 






C4 


VSLD 


VFCTCR 


LCGSCAL SEITT 


rt-LE LGTF' 






C7 


VSLH 


VFCTCR 


LOGICAL SHIP I 


r ALF LGTH 






C5 


VSM 


VFCTCR 


SLBTR PAG FIXED PCIET SIAiGLL LCIH 






4C 


'■'SHF 


VFCTCR 


SLDTR ELGA 


I PCIM SINGLE LGTH 






40 


.>SMFD 


V*-C ICR 


StbfR PAG FLOAT PCIM OELF LGIH 






4F 


VSHH 


VFCTCR 


SUBTR PAG FiXfD PLIFsT HALF LCTH 






4D 


vss 


VFCTCR 


SRCF FCK SELST 


AKllH OLFHFM FIX-D 


PT 


SNGLF LGfH 


58 


VSSF 


VECi CPs 


SRCH FOR :.iVLSI 


ARITH tiLFHEM FLCAi 


PT 


oNGLF LGTH 


5A 


VSSFQ 


V^iCTCH 


SRCH FCR Sf'LGi 


AK IT }- OLFf'EM FLCAI 


PI 


DCLF: LGTH 


5B 


VSSH 


VFCTCR 


SRCH FOR Sf'LSl 


ARiTF EL '-hem FIX EC 


PT 


half lgth 


55 


VSSM 


VFCTCR 


SRCF FLR ofaSi 


NAG MaCL. PT iI,.,GLE 


lgif. 


5C 


VSSMF 


VFC TCR 


SRCF, FOR SRLSi 


I'aG FLCAI PT SINGLE 


LGIH 


5E 


VSSMFDVECTCR 


SRCF OCR SNl.Sl 


tag float PT f,,'L;-: lg 


T! 




50 


VSSMH 


v'^crcR 


SRCH Ft.R ,j?‘L:. r 


N A C fl< E D p T F A L F L G 


ri 




50 


VXOR 


VFCfCR 


logical OXCLLS 


I vO OK single LGIm 






E8 



VXQRD VPCTOR EXCLUSIVE 



DGLE LGTH 



214 




VECTOR OR CODE INDEX OF INSTRUCTIONS 



OP MMEM PAGE 

CODE CODE INSTRUCT IOi'! NO. 

tiG VA VECTOR ADD EiXEU POINT SINGLE LGTH 174 

‘4 1 VAH VECTOR ADD FIXED POINT HALF LGTH 174 

42 VAE VECTOR .ACC FlCAF POINT ^INGLE LGTH 174 

43 VAFD VECICR ADD FLOAr PCFNF DBLE LGTH 174 

44 VAM VECTOR ACD MAG FIXED POINT SINGLE LGTH 174 

45 VARH VECTOR ADD MAG FIXED PC INF HALF LGTH 174 

46 VAMF VECFOR ADD MAG FLCAF POINT SINGLE LGIH ’ 174 

47 VAMFO VECTOR ADD MAG FLCAF POINT DBLE LGFH 174 

48 VS VECTOR SUtUR FIXED f'OINT SINGLE LGTH 174 

49 VSH VECFOR SLBTK FIXED POINT HALF LGTH 174 

4A VSF VECTOR SLBTR FLOAT POINT SINGLE LGTH 174 

46 VSFD VECTOR SUBIK FLOAT POINT DBLE LGIH 174 

4C VSR VECTOK SODFR MAG !^IXF:D POINT SINGLE LGTH 175 

4D VSHH VECTOR SCBFR MAG FIXED POINT HALF LGTH 175 

4E VSMiF VECTOR SCOTR HAG FLCAF POINT SINGLE LGFH 175 

4F VSMFD VECTOR SOBF'R MAG FLCAF POINT CBLE LGTH 175 

5C VL VECTOR SRCH FOR LGSF ARITH ELEMENT FIXED PT SINGLE LGTH 187 

51 VLH VECTOR SRCH, FOR LGST ARI FH ELEMENT FIXED PT HALF LGTH 187 

52 VLF VECTOR SRCH FOR LGST ARITH ELEMENT FLOAT PT SINGLE LGTH 187 

53 VLFO VECTOR SRCH FOR LGST ARITH ELEMENT FLOAT PT UBLE LGTH 187 

54 VLH VECTOR SRCH FOR LGST ,MAG FIXED PT SINGL LGTH 187 

55 VLHH VECTOR SRCH FOR LGsT MAG FIXED PT HALF- LGTH 187 

56 VLHF VECTOR SRCH, FOR LGST MAG FLOAT PT SINGLE LGTH 187 

57 VLMFD VECTOR SRCH FOR LGST MAG FLOAT PT CBLE LGTH 187 

58 VSS VECTOR SRCH FOR SMLSI ARITH ELEMENT FIXED PT SNGLE LGTH 187 

59 VSSH VECTOR SRCF FOR SMLST AKITF ELEMENT FIXED PT HALF LGTH 187 

5A VSSF VECTOR SRCH FOR SMLst ARITH ELEMENT FLCAT PT SNGLE LGTH 187 

5B VSSD VECTOR SRCH I OR SMLST ARI FH ELEMENT FLOAT PT DPLE LGIH 187 

5C VSSM VECTOR SRCH FOR SMLST MAG FIXED PT SINGLE LGTH 187 

50 VSSMH VECTOR SRCH FOR SMLST MAG FIXED PT HALF LGTH 187 

5E VSSMF VECTOR SRCH FOR SMLST MAG FLOAT PT SINGLE LGTH 187 

5F VSSMFDVECTCR SRCH FOR SMLST MAG FLOAT PT OtiLE LGTH 187 

64 VO VECTOR DIVIDE FIXED POINT SINGLE LGTH 176 

65 VDH VECTOR DIVIDE FIXED POINT HALF LGTH 176 

66 VDF VECTOR DIVIDE FLOAT POINT SlNGLt LGTH 176 

67 VDFO VECTOR DIVIDE FLOAT POINF CBLE LGTH 176 

68 VDP VECTOR DCT PRGDU.C F FIXED PCINF SINGLE LGTh 175 

69 VDPH VECTOR DCT PRODCCT FIXED PC I N T HALE LGTH 175 

6A VDPF VECTOR DCT PRODUCT FLOAT POINT SINGLE LGTH 175 

6B VDPFD VECTCR DCT PRODUCT FLOAT POINT CBLE LGTh 175 

6C VM VECTOR MULT FIXED POINT SINGLE LGTH 175 

6C VMH VECTOR MULT FIXED POINT HALF LGTH 175 

6E VHF VECTOR MULT F-LCAT PCINF SINGLE LGTH 175 

6F VMFD VECTOR MLL f FLOAT POINT DBLE LGTH 175 

AO VFLFX VECTOR CNVRT FLCAF PT SNGLE LGTH TO FIXED PT SNGLE LGTH 190 

Al VFLFH VECTOR CNVRT FLOAT PT SNGLE LGTH TO FIXED PT HALF LGFH 191 

A2 VFDFX VECTOR CNVRT FLOAT PT CriLE LGTH TO FIXED PT SNGLE LGTH 191 

A8 VFXFL VECTOR CNVRT FIXED PT SNGLE LGTH TO FLCAT PT SNGLE LGTH 192 

A9 VFhFL VECTCR ^NVRT FIXED PT HALF LGTH TO FLOAT PT SNGLE LGIH 193 

AA VFXFD VECTCR CNVRT FLCAT PT SnGLE LGTH TO FLCAT PT DBLE LGTH 193 

Ad VFHFD VFCTCR CNVRT FIXED PT HALF LGTH TO FLOAT PT CBLE LGTH 194 

AC VNFX VECTCR NORMALIZE ^IXED PT SINGLE LGTH 195 

AO VNFH VECTCR NORMALIZE FIXED PT HALF LGTH 195 

CO VSA VECTCR ARITH SHIFT FIXED POINT SINGLE LGTH 179 
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OP 

CODE 



Cl 

C3 

C4 

C5 

C7 

CC 

CD 

cr- 

DO 
D1 
02 
03 
D4 
D5 
06 
D7 
U0 . 



DO 

OE 

OF 

EC 

FI 

E2 

E3 

iA 

F5 

E6 

C7 

E8 

F9 

EC 

ED 



V CTOR or CODE INDEX ( CONTI DULD) 



MNEM 

code instruction 



PAGE 

NO. 



VS AH 


VECTOR 


VSAD 


VECTCPx 


VSL 


VECTOR 


vslh 


VECTOR 


VSLD 


VCCl OR 


vsc 


VECTOR 


VSCH 


VECTOR 


VSCD 


VECTOR 


VC 


VECTOR 


VCH 


VECTOR 


VCF 


VECTOR 


VCFD 


VECTOR 


VO 


VECTOR 


VOD 


VECTOR 


VOF 


VECTOR 


VOFO 


VECTOR 


VKGH 


VECTOR 


VMG 


VECTOR 


VMGD 


VECTOR 


VPP 


VECTOR 


VPPH 


VECTOR 


VPPF 


VECTOR 


VPPFO 


VECTOR 


VANO 


VECTOR 


VANDD 


VECTOR 


VCAND 


VECTOR 


VCANDDVECTCR 


VGR 


VECTOR 


VGRD 


VECTOR 


VCCR 


VECTOR 


VCGRD 


VECTOR 


VXCR 


VFXTCR 


VXCRD 


VECTOR 


VEQC 


VECTOR 


VEGCD 


VECTOR 



ARI TH SHIFT FIXED POINT HALF LG TH 

ARHH Shirr FIXED PC INI ri5L& LGTH' 

logical Shin SINGLE LGTH 

LOGICAL ShIFI HALF- LGTH 

logical shift DBLE LGTH 

CIRCULAR SHIFT SINGLE LGTi- 

CIRCULAR SHIFT HALF LGTH 

CIRCULAR SHIFT C31.E LGTH 

ARITH COHP FIXEC PT SINGLE LGIH 

ARifH CCKP FIXEC PT HALF LGIH 

ARITH COMP FLOAT PT SINGLE LGTH 

ARIIH COMP FLOAT PT DOLE LGIH 

ORDER SINGLEKD.S FIXED PT 

ORDER HALF RDS FIXED PT 

ORDER SINGLEKCS FLOAT PT 

ORDER DELE kCS FLOAT PT 

P6RGF HALFWDS 

MERGE SNGLE kDS 

MERGE CELL- WfS 

PEAK FIXED PI SINGLE LGTH 

PEAK FIXED PT HALF LGTH 

PEAK FLOAT PT SINGLE LGTH 

PEAK FLOAT PT DELE LGTH 

LOGICAL AND SINGLE LGIH 

logical AND CBLE LGTH 

LOGICAL COMP UsInG AND SINGLE LGTH 

logical CCMP USING AND DBLE LGIH 

LOGICAL OR SINGLE LGTH 

LOGICAL OR DBLE LGTH 

LOGICAL CCMP USING OR SINGLE LGTH 

LOGICAL COMP USING OR DOLE LGIH 

LOGICAL EXCLUSIVE OR SINGLE LGIH 

EXCLUSIVE OR CBLE LGTH 

LOGICAL EQUIVALENCE SINGLE LGTH 

ECUIVALENCE CBLE LGTH 
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GENERAL 



A set of examples v/ill serve to illustrate the vector loop feature of 
the ASC. The example problems are: (1) matrix-vector multiplication, 

(2) matrix multiplication, (3) matrix transpose, (4) fixed filter, (5) fixed 
filter and decimate, and (G) interpolate. 

M/ATRI X-VECTOR MULT I PL 1 CATION 

The data array for matrix [A] is stored consecutively by rows and con- 
secutively vn’ihin rows, i.e. the first element of one row is stored in the 
location following the last element of the previous row. 

The data array for vector's is stored in consecutive locations. 

Given: matrix [A] of dimension K by L 

and vector’T of dimension L 

Find: T = [A] T 



where vector C is of dimension K and 




Solution: Each element, Cj, of vector C is the result of a vector 

dot product (VDP) operation involjnng the i^^‘ row of 
matrix [A] and the column vector * bT 

A matrix-vector product may be programmed on the ASC by issuing a vector 
instruction with the following set of vector parameters: 

0PR Vector dot product command 

SV = 0 or 8 depending on whether a single or double length fixed 

point result is desired. 



L = L Vector dimension. 

XA = XB = XC = 0 No initial index for vectors A, B, & C. 
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LC <— L 

LPCK— NI K 
LPC0<-' 0 



AccuiTiu J ate products 
Acc.^ Acc.-f a-j3--bj 

i (L times) 



Deer LC 




} 




/ LC = 0 





Y Yes 

Store 4~~ Acc 

Deer LPCI 

I (K ti mes) 
^ LPCI = 0 N — ‘ 



Next 




lA^ 


~ (lA) + 1 




~(IB) 4 - 1 




1 (L-1) tirfies 







IA<- 


“(lA) 4- 1 


1B<- 


-(IB) - CL-1) 


IC<~ 


“(IC) + 1 


LC 


_L 


(K-l) times 



Equiv. of 

j ^ — j+i 



self-1 0013 



Equiv. of 

i <r — i+1 
j — 1 



inner loop 



Figure 1 . Flow chart for matrix-vector multiplicatli 
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starting address of matrix [A] (address of element a-j-j) 
Starting address of vector B (address of element t-j ) 

Starting address of result vector C (address of result element 



A VI field equal to zero indicates positive incrementing of 
all vector addresses by unity during the self-loop. 

AAi increment for inner loop 

Advances the "A" address in the index unit to the address of 
the first element of the next row of matrix [A] from the add- 
ress of the last element of tiie current row. 

AB/. increment for inner loop 

Returns the "B"_^address in the index unit to the starting add- 
ress of vector B from the address of the last element of vector 
S". DBI is equal to the number of backspaces required to re- 
establish the ini tial address of vector ^ for the nextJ/DP oper- 
ation involving the next row of matrix [A] and vector 

Note that the A & B addresses are incremented (by unity) L-1 
times during the self-loop as shown in figure 1 . 

DCI = 1 for inner loop 

Advances the storage address to the next location for the sub- 
sequent VDP operation. 

Note that the C address is not incremented during the self-loop 
of a VDP operation, since a VDP generates a scalar result. 

Also, the elements of vector C" may be spaced any number of add- 
resses apart up to 2^5 - 1 = 32,767 by inserting the value of 
the desired spacing interval into the DCI field. 

NI = K Inner loop count 

For this example, K is the number of rows of matrix [A],_which 
also determines the number of elements of result vector V. The 
operation is completed when all K rows of [A] have been processed. 



SAA -- 
SAB — , 
SAC — 

VI = 0 

DAI = 1 

DBI - -(L-1) 



MATRIX MULTIPLICATION. EXAMPLE A 

The data array for matrix [A] is stored consecutively by rov/s, i.e. the 
first element of one row is stored in the location following the last element 
of the previous row. 

The data array for matrix [B] is stored consecutively by columns, i.e. the 
first element of one column is stored in the location following the last element 
of the preceeding column (the column on its left). 



Matrix B4 





Figure 2. Flow chart for matrix multiplication of example A 
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Given: matrix [A] of dimension K by L 

and matrix [B] of dimension L by M 



Find: matrix [C] of dimension K by M, 

where [C] = [AJ [B] 

L 





such 


that element c^-j 


k=l 


®ik • ^kj 






























1 


a-j-j 


ai2 


... 




“hi 


b^2 • • • 


'’hi 




^11 


^12 


. . . 


^21 


®22 


... 




^21 


^22 * * * 


‘’2M 




C 21 


^22 


• • • '^2H 




• 

^K2 


• • • ®KL _ 




^L1 


^L2 • • • 






‘^Kl 


'^K2 


• • • 



Solution: Each element, of matrix [C] is the result of a vector dot 

product operatioh involving the i^^‘ row of matrix [A] and tiie 
column of matrix [B]. 

Vector parameter set for matrix multiplication: 

0PR ~ Vector dot product command 

SV = 0 or 8 



L = L Vector dot product length 



XA = XB = XC = 0 No initial index for vectors AB^& C. 



SAA 

SAB 

SAC 



VI = 0 



DAI = -(L-1) 



Starting address of matrix [A] (address of element a-ji) 

Starting address of matrix [B] (address of element b-j-j) 

Starting address of result matrix [C] (address of result 
element c-j^) 

Positive incrementing of all vector addresses by unity during 
self-loop. 

Number of backspaces to return to the first element of the cur- 
rent row of matrix [A] from the address of the last element of 
the current row. 



Matrix Multiplication 5 
Section B4 




DBI = 1 



DCI = 1 



NI = M 



m = 1 



Advance to the next column of matrix [B] from the address of 
the last eleip.ent of the .current column. 

Advance tho storage address to the next location for the sub- 
sequent VD? operation. Result matrix [C] is generated by rows. 

Inner loop count 

For tin's example, M is the number of columns of matrix [B]. This 
method computes all products of the columns of [B] with the first 
row of [A], before advancing to the next row of [A]. 

AAq incremesit for outer loop 

Advance to the next row of [A] from the address of the last ele- 
ment of the previous row. 



DBO = -(L’M-I) aBq increment for outer loop 

Return to the starting address of matrix [B] from the address of 
the last element, 

DC0 ~ 1 ACq increment for outer loop 

Advance the storage address to the next row of result matrix [C] 
from the address of the last element of the previous row. 



N0 = K Outer loop count 

For this example, K is the number of rows of matrix [A], The 
function of the outer loop is to advance to the next row of 
[A] before continuing with the processing of the inner loop. 
The operation is completed when all K rows of [A] have been 
processed. See Figure 2 for the flow chart describing matrix 
multiplication. 

MATRIX MULTIPLICATION, EXAMPLE B 

The result matrix [C] could just as easily have been generated a column 
at a time ratner than a row at a time as previously described. This would 
entail modification of the increment and loop count information as f ol 1 ows : 

DAI = 1 Advance the address in index unit "A" to the address of the 

next row of matrix [A] from the address of the last element 
of the current row. 



DBI = -(L-1) Return the address in index unit "B" to the address of the 
first element of the current column of matrix FB] from the 
address of the last element of the current column. 
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Figure 3. Flow chart for matrix multiplication in which the result 
is generated by columns instead of by rows as in examples 
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DC I = M 



NI - K 



DB0 = 1 



The DC I field specifies the number of spaces to advance the 
storage address. For this example, H-l storage locations are 
skipped over. This has the effect of storing results by col- 
umns instead of by rows. 

Inner loop count 

K is the number of rows of matrix [A]. The inner loop consists 
of multiplying a particular column of matrix [B] times all K 
rows of matrix [AJ, resulting in one column of [C]. 

Return to the a-ji element of [A] from tiis address of the last 
element, aj<|_. 

Advance to the top element of the next column of matrix [B] 
from the address of the bottom element of the current column. 



DC0 = -?«i(K-l)+l Advance to the storage address of the first element in the next 
column of result matrix [C] from the last element of the current 
column. 

N0 - M Outer loop count 

M is the number of columns of matrix [B] . The outer loop func- 
tion in this example is to advance to the next column of [B] and 
to return to the start of [A] before continuing with the pro- 
cessing of the inner loop. The operation is completed when all 
M columns of [B] have been processed. See Figure 3 for the flow 
chart of this matrix multiplication procedure. 

Now, suppose the result matrix [C] of a previous matrix multipli- 
cation is to be used as the [B] matrix in a subsequent matrix 
multi pi i cation. Since the columns of [B] are multiplied by the 
rows of [A] using a vector dot product operation,, the elements 
of the columns of [B] must be stored in consecutive memory lo- 
cations for efficient processing of the column vectors. The data 
of matrix [B] is not ordered in this manner if it is the result 
'of some previous matrix multiplication. The "transpose" of the 
data array (in memory) for matrix [B] is required before ini» 
tiating any matrix multiplication involving [B]. Such a "trans- 
position'* can be accomplished separately (example 3) or in con- 
junction with the previous matrix multiplication. To perform 
"transposition" in conjunction with a matrix multiplication it 
is only necessary to modify the DCI and DC0 parameters in the 
vector parameter file of example 2b. The modification involves 
inserting the value of unity in place of M in the DCI field and 
Inserting the value of unity in place of -M(K-l) + 1 in the DC0 
field. This change has the effect of storing the results of the 
matrix multiplication by rows instead of by columns as was done 
in example 2b. The resulting matrix [C]‘ is then the transpose 
of [C]. 
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MATRIX TRANSPOSE 



Matrix transposition involves moving the element in position i, j of a 
data array into position 3 , i, where the first symbol designates row posi- 
tion and the second symbol designates column position. What effectively happens 
is that rows become colunsns and columns become rov^/s. In terms of memory add- 
ressesj the column elements of a K by M dimension matrix, [A], are initially M 
locations apart, i.e. with M-1 storage locations between any two adjacent col- 
umn elements. While the row elements of [AJ are stored in consecutive memory 
locations and the first element of any row (except the first row) is stored 
in the location following the last element of the previous row. 

After matrix transposition the original column elements v/ill be stored in 
consecutive locations while the original row elements will be stored K locations 
apart. The resulting transposed matrix, [A] , is of dimension M by K. 

Matrix transposition may be programmed on the ASC by issuing a vector 
instruction with. the following vector parameters: 



0PR 
SV = 7 

(2A) = 0 



VL0R, Vector logical 0R. 

■f Vector ^ directly addressed. 

Immediate operand single-valued vector B. 

Immediate operand from the contents of register 2A is zero. 



L = 1 

XA = XB = XC 

SAA 

SAB 

SAC 

VI = 0 

DAI = 1 

DBI = 0 
DCI = K 



Vector dimension equals one. 

0 No initial index for vectors A, B, & C. 

Starting address of matrix [A] (address of element a,|,|) 

Starting address B is not used when SV = 7. 

Starting address of result matrix [C] (address of element c^^) 

Positive incrementing of vector addresses A, B, & C by unity 
during self-loop. 

Advance the address of [A] to the next element on the current 
row. 

Not used. 



Advance the storage address by K so that the j''“ element of 
the current row is stored into the (j-l)K location of the cur- 
rent column. 
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Figure 4. 
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NI M 



M is the nuniber of elsinents in each row of [A]. The inner 
loop is completed v/tien the current row of matrix [A] has been 
transposed into a coluinn of result matrix [C]. 

DA0 == 1 Advance to the first eleniant of the next row of matrix [A] 

from tl',e address of the last element in the current row. 

DB0 “ 0 Not used. 

DC0 == ~K(M“1)+1 Advance to the storage address of the first element in the 

next column of result matrix [C] from the address of the last 
element in the current column. 

N0 - K K is the number of rows of matrix [A]. The outer loop is com- 

pleted when all K rows of [A] have been converted into K 
columns of result matrix [C]. The flow chart for matrix 
transposition is shov/n in figure 4. 

Note that a vector logical 0R (VL0R) instruction is used 
because it requires only one clock time in the arithmetic 
unit. An immediate operand of zero for the single-valued 
vector is used with the vector logical 0R instruction, so 
that the data is not affected by being moved to a new area 
of memory although the data array has been transposed. 

Alternates for this instruction are a vector logical AND with 
an immediate operand of al 1 "ones" (1 clock time) or a vector 
add with an imiTiCdiate operand of zero (2 clock times) or a 
vector multiply with an immediate operand of one (3 clock 
times) etc. 

FIXED FILTER 



The fixed filter operation is described by the formula; 



= > . a. . • b. for oik < N-L 

where the input trace consists of N data points^, denoted by (0< j < N-1 ) 
and the fixed filter is represented by vector Twith components b^ ,(0 < i < L-1). 

Cj^ represents an output point which results v/hen filter B" is applied to 
input trace K shifted by k. 

This operation is programmed on the ASC by issuing a vector instruction 
with the following vector parameters; 

0PR Vector dot product 

SV = 0 or 8 Both vectors directly addressed 



XA = XB = XC = 0 No initial index for vectors A, B, & C 
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Figure 5. Flow chart for (a) fixed filter operation when D = 1 
(b) fixed filter and decimate when D 1 . 
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starting address of input trace, A. (address of data point 



SAB Starting address of fixed filter, B (address of filter point 

t>o) • 

SAC- Starting address of output trace, (address of output 

point c^). 

VI " 0 Positive incrementing of vector addresses by unity during 

self-loop. 

DAI = -(L~l)+1 Returns input trace to the current starting point (element di,) 
plus one. Effectively moves filter alorig the input trace. ^ 

DBI =-(L-l) Returns filter address to starting point from last filter 

point. 

DCI = 1 Advances output storage address by one for rsext VDP operation. 

NI = N-L+1 Determines the number of output points. The fixed filter 

operation' is complete when N-L+1 output points have been 
computed. See Figure 5 for the flow chart of a fixed filter 
operation. 

FIXED FILTER AND DECIMATE 

-The fixed filter and decimate operation is described by the formula: 



^ ®i+kD • ^i 



for 0< k 



<< 1^1 
L D J 



This operation requires modification of only two parameters from those listed 
in example 4. The DAI and NI parameters must be modified as follows: 

DAI = -(L-l)+D Returns the input trace to the current starting point (element 
aj^p) plus D. Effectively moves the filter along the input 
trace at intervals spaced D apart. D-1 output points are 
"decimated" between each output point which is stored. These 
D-1 output points are not computed. 

NI = [-^^J +1 Determines the number of output points. The number 

is the nearest integral number below N-L/D,if this value is 
not an integer. The fixed filter and decimate operation is 
complete when(_N-T^DJ +1 output points have been computed. 

See Figure 5 fov’ t-he flow chart of this operation. 
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INTER POLATIO N 

Interpolation is described by the formula: 



1-1 

SiD+p " ^4^ ®i+m *^i+pL 

for 0 1 ni £ N-L 

and 0 £ p < D-1 

For this operation a set of filters must be stored in memory such that 
the first filter point of one filter is stored in the location following the 
last filter point of the previous filter. These filters may be viev/ed as 

column vectors of matrix [B], There are D fixed f 11 tors all of length L, 

so the [B] matrix is of dimension L by D. In general, the 0-th filter in the 

first column has the values 1, 0, 0, 0 stored in L consecutive locations. 

This filter will transfer the input trace to the output region of memory, 
storing each input point into locations spaced D addresses apart. 

The D-1 locations between stored output points are reserved for insertion 
of the interpolated points. The other D-1 filters in matrix [B] are used for 
interpolation. 

The interpolation operation is equivalent to the application of D fixed 
filters to the input trace, with storage arranged in such a manner tliat the 
D output traces formed are merged. 

The vector parameter list for interpolation is as follows: 

0PR Vector dot product command 

SV = 0 or 8 Directly addressed vectors 



XA = X8 = XC = 0 
SAA 

SAB — 

SAC ~ 

VI = 0 
DAI = -(L-1) 



No initial index for vectors A, B, & C. 

Starting address of input trace (address of input point a^) 

Starting address of filter table (address of filter point 
of the 0-th filter) 

Starting address of output trace (address of output point c^) 

Positive incrementing of vectors A, B, & C during self-loop. 

Returns the address of the input ■’race to the current starting 
point (address of element a^). 
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Figure 6. Floiv char 
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DBI = 1 



Advances the address of the filter table to the first point of 
the next filter from the last point of the filter just applied. 



DCI = 1 Advances the storage address of the output trace. Increments 

p in the representation of output term c^p 

NI = D D is the number of fixed filters. The inner loop is complete 

when D fixed filters have been applied to the current segment 
of the input trace. .. 

DA0 “ "(L"l)+1 Returns the address of the input trace to the current starting 
point plus one (address of element ) • 

DB0 “ -(LD-1) Returns the filter address to the start of the filter table from 
the address of the end filter point, ^ -j 

DC0 = 1 Advances the storage address of the output trace to the beginning 

of the next interpolation interval. Increments tn by one in the 
representation of output term ,^_^p 

N0 = N-L+1 Specifies the cuter Iccp count. For this example, D(N-L+1) out- 

put points are stored. The flow chart of Figure 6 shows that 
the output storage address is incremented D(N-L) + (D-1 ) times, 
or D(N“L+1) -1 times. 
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FUNCTIONS OF THE PERIPHERAL PROCESSING UNI T 

The peripheral processing unit (PPU) provides communication with I/O 
devices, functions as the system monitor, and fulfills those job Requests 
which do not require a rich arithmetic instruction repertoire. The PPU is 
time shared at the bit time (85 n sec) level by up to eight programs, each 
of which is executed by one of eight virtual processors (VP^), 

One virtual processor is designated as the master controller. Otiier VP's 
are used for dedicated subservient control functions. The remainder of the 
VP's are scheduled as needed to perform I/O operations to schedule and perform 
other CP utilization tasks within the operating system. 



ELEMENTS OF THE PPU 

The PPU consists of eight virtual processors which time share a collect- 
ion of other PPU elements. The shared elements include the arithmetic unit 
(AU), the read only meinory (ROM), 'the file of communication registers (CRf^), 
and the, single word buffer (SWB) which provides access to CM. These elements 
and their relationships are indicated in Fig. 1. 

READ ONLY MEMORY 

The ROM contains a pool of programs and is not accessed except by 
reference from the program counter. The pool includes a skeletal monitor 
program and at least one control program for each I/O device connected to 
the system. The ROM has an access time of 25 n sec and provides 32 bit 
instructions to the VP units. Total program space in ROM is expandable to 
4K words. The memory is organized into 256 word modules so that portions of 
programs can be modified without complete refabrication of the memory. 

The I/O device programs can include control functions for the storage 
media as well as data transfer functions. Thus, motion of mechanical de- 
vices can be controlled directly by the program rather than by highly special 
purpose hardware for each device type. Variations to a basic program are 
provided by parameters supplied by the monitor. Such parameters are carried 
in CM or in the accumulator registers of the VP executing the program. 

VIRTUAL PROCESSORS 



The eight VP's share the oti.er PPU eler.ients. To implemenl Lins sharing, 
time is divided into cycles with each cycle containing sixteen time slots. 
Each time slot is one bit period (85 n sec) in duration. These time slots 
are assigned to VP's on the basis of time slot availability and program 
requirements. A VP is operative whenever a time slot assigned to that VP 
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occurs. Thus, if a VP has been assigned no time slots, it is not 
executing program. If a VP has been assigned one of the sixteen 
time slots, it is executing program 1/16 of the time. More than 
one time slot can be assigned to a single VP. The monitor VP turns 
the slave VP's on and off by manipulation of the time slot assign- 
ments . 

The major components of each VP are a program counter (PC), a 
next instruction register (NIR), an instruction register (IR), and 
four accumulator registers (VPR^) which are addressable to the byte 
level. Each VP also has a counter (BC) which keeps count of the 
number of bit periods which have been used in execution of the cur- 
rent instruction. When the time slot assigned to a particular VP 
occurs, the IR and the BC of that VP provide control of the PPU data 
paths and the AU. If the data manipulation thus effected completes 
the instruction, the IR is updated, and the BC is reset. However, 
if additional bit periods are required to complete the current 
instruction, the BC is advanced, and the tr v'pmeins u'^changed. 

The source of instructions may be either ROM or CM. The memory 
being addressed from the PC is controlled by the addressing mode 
which can be modified by the branch instructions or by clearing the 
system. Each VP is placed in the ROM mode and each PC points to 
location 0 when the system is cleared. 

When the program sequence is obtained from central memory, it is 
acquired via the SWB. Since this is the same buffer used for data 
transfers to or from CM, and since CM access is slower than ROM 
access, execution time is more favorable when program is obtained 
from ROM. 

All eight VP's are identical, but there exists a switch on the 
maintenance panel which selects one VP for certain operations. Dur- 
ing normal system operation, the selector switch will always designate 
VPq but the manual selection is provided as a diagnostic aid. The 
switch selects the VP which will "respond to the operator's switch 
manipulation during system initialization. The selected VP is also 
exempt from the scheme employed for protection of the contents of the 
CR file. In addition, the selected VP is provided with an automatic 
interrupt, whereas the interrupt for each of the other VP's must be 
programmed . 

SINGLE WORD BUFFER 

The SWB provides VP access to CM. The SWB consists of eight 
32-bit dat^ registers, eight 2^.-bit address registers, and controls. 
Each of the eight register sets has a fixed association with one of 
the eight VP's. Viewed by a single VP, the SWB appears to be a mem- 
ory data register and a memory address register. 
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At any given time the SWB may contain up to eight memory requests j 
one for each VP. These requests are processed on a combinational 
priority - first in, first out basis. There are two priority levels, ■ 
and if tv/o or more requests of equal priority are unprocessed at any 
time,, they are handled first in, first out. 

When a request arrives at the SWB, it automatically has a priority 
assignment determined by tlie CM priority file maintained in one of the 
CFl's, The file is arranged by VP number, and all requests from a par- 
ticular VP receive the priority encoded in two bits of the priority 
file. The contents of the file are programmed by the monitor, and the 
priority code assignment for each VP is a function of the program to be 
executed by the VP. 



COMMUNICATION REGISTERS 

The PPU includes up to 64 CR's, each of which contains 32 cells. 
Each CR is addressable f"om tlie VP's, and can also be read or written 
by the device to which it connects. The CR's provide the control and 
data links to all peripheral equipment including the system console. 
Some paran'ieters v/hich control system functioning are also stored in 
the CR's from where the control is exercised. An example of CR assign- 
ments is shown in Section C2. These assignments are unique to a par- 
ticular ASC system. 

Each CR cell has two sets of inputs as shown below. One set Is 
connected into the PPU, and the other set is available for use by 
the peripheral device. 



, >• 
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The contents of the first 20 CR's can be protected from modification 
by individual VP's. The protection is conti oiled by software via CR 
bits specifically for that purpose. The VP selected 
by the "VP SELECT" switch on the maintenance panel is insensitive to 
the CR protection scheme, and can always modify the contents of pro- 
tected CR's. 





PPU INTERRUPTS & TIME SLOT OVERRIDES 



TIME SLOT OVERRIDES 

The TIME SLOT OVERRIDE byte in the CR file provides one bit for each VP. 

The bit position corresponding vrith the VP selected by the VP SELECT switch 
on the Maintenance Panel is effective during certain maintenance operations. 

The remaining positions contain I's to keen that VP inactive regardless of the 
contents of the TIME SLOT TABLE. 

These override bits may be set or reset by soft'ware, however, under certain 
circumstances these bits will be set automatically by hardware, but tliey are 
never reset by hardware. 

Automatic setting of override bit "i" occurs as a result of any of several 
events in VP^ . The events are: 

a. CM parity error 

b. CM protection violation 

c. CM breakpoint 

d. CR protection violation 

e. illegal OP code 

When one of these events era detected, the appropriate override bit is set 
(other than the selected VP) and subsequent time slots assigned to the VP are 
voided. The VP may not complete its current instruction when the override fait 
is set. 

When automatic setting of an override bit occurs, the TIME SLOT OVERRIDE 
REASON byte in the CR file may also be automatically updated. This byte con- 
sists of a control bit, a three bit VP # field, and a four bit override reason 
field. If the control bit is "1", then updating of the TIME SLOT OVERRIDE 
REASON byte is inhibited. If the control bit is "0", then updating of the 
byte is permitted. 

Updating consists of setting the control bit to "1", loading the VP # 
field with the number of the VP for which an override event has been detected, 
and loading the override reason field with a code indicating which event a. 
through e. has occurred. If an override event occurs while the control bit 
is set, the time slot override occurs, but the reason for the override is not 
recorded. The reason codes are as follows: 

Code Event 

0 a 

1 b 

2 c 

3 d 

4 e 

5-F unused 
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AUTOMATIC INTERRUPT 

The VP selected by the VP SELECT svn'tch is provided with an automatic 
instruction level interrupt. When the interrupt signal occurs, the VP com- 
pletes its current instruction, and then traps to r5m location 10] 5 . Any of 
several events can produce the interrupt signal. The events are; 

A. A/C power failure 

B. CM parity error in selected VP 

C. CM protection violation in selected VP 

D. CM breakpoint in selected VP 

E. STOP button (Operator's Panel) 

F. disc protection violation 

G. illegal OP code in selected VP 

H. CP interrupt 

■To provide effective, efficient reaction to these events, three bytes in 
the CR file are employed. These are the OUTSTANDING EVENT byte, the INTERRUPT 
MASK byte, and the PRbcLjSID IifiERRUFTS bj.te. The reloticn.,hip uf these bytes 
is indicated in Figure 2 and is explained in the following paragraphs. 

When events A, through H. are detected, they are recorded in the OUTSTANDING 
EVENT byte. This record of the event remains until the selected VP responds to 
an Interrupt signal caused by the event or until the record is erased by soft- 
ware. When an event is thus recorded, the interrupt signal to the selected VP 
is generated providing the corresponding bit position in the INTERRUPT MASK byte 
is "1". When the VP responds to the interrupt signal, the three CR bytes are 
modified as follows: 

I. A record of the event or events causing the interrupt is made 
in the PROCESSED INTERRUPTS byte. This record may be refer- 
enced by software during interrupt servicing and should be 
reset by software at the conclusion of the service. 

2. The record in the OUTSTANDING EVENT byte of the event' or events 
causing the interrupt is erased. Note that events recorded in 
this byte, but inhibited by the mask, are not erased. 

3. The mask bit for the event causing the interrupt and the mask 
bits for all events of equal or lower priority are reset, thereby 
in hibiting interrupts caused by subsequent events whose prior- 
ity is equal or lower. Event priority is as follows: 

Event Priority 

A hi gh 

B middle 

C-H low 
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After these modifications have occurred, the softv;are service routine 
commences. During this time, all events v/ill be recorded as OUTSTANDING 
EVENTS, but will not generate interrupts unless their priority, is high 
enough to overcome the automatic inhibiting which has occurred. At the con- 
clusion of the interrupt service routine, the PROCESSED INTERRUPTS byte 
should be reset by software, and the INTERRUPT MASK byte should be restored 
by software to any desired mask. Note that when a mask bit is set by soft- 
ware that an interrupt will immediately occur if the corresponding event has 
been recorded in the OUTSIANDING EVENT byte but has previously been inhibited. 

If this is not desired, any of the event records in the OUTSTANDING ^VENT byte 
may be erased by software before the m.odification of the INTERRUPT MASK byte. 

PROGRAMMED INTERRUPTS 

Each VP, i ncl udi ng the selecte-:' VP, is previded with an instruction level 
interrupt which can be initiated only under software control via the INTERRUPT 
CONTROL byte in the CR file. VP reaction to the interrupt is similar to reac- 
tion to the automatic interrupt already described. When the interrupt signal 
occurs, the VP completes its current instruction and then traps to ROM location 
II If,. Note that each VP employs the same trap location. 

The three CR bytes employed for the previously described automatic inter- 
rupt are in no way related to the programmed interrupts. The programmed 
interrupts are controlled only by the INTERRUPT CONTROL byte in the CR file. 

The programmed interrupt structure is depicted in Figure 3. 

When bit “i" in the INTERRUPT CONTROL byte has been set to "1" by software, 
an interrupt signal to VP-j is generated. When the VP responds to the interrupt, 
bit "i" is automatically reset. 

Note that the VP will not respond to the interrupt under the following 
conditions : 

1. The VP has no assigned time slot. 

2. The VP's time slot assignment is being overnden bv the TIME SLOT 
OVERRIDE byte. 

3. The VP cannot complete its current instruction due to an endless 
loop of indirects. 

MAINTENANCE EXCEPTIONS 

During maintenance operations, the foregoing automatic hardware reactions 
may be modified. There are two switches on the Maintenance Panel which affect 
the reactions. The switches are the TEST MODE switch and the AUTO INTERRUPT 
OFF switch. 
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If the TEST MODE switch is in the "Nonna!" position, then the selected VP 
cannot experience a CR protection violation. However, if the switch is not in 

the "Nonna!" position, the selected VP becomes subject to CR protection under 

control of the CR PROTECT CONTROL byte in the CR file. If CR protection for 
the selected VP is in effect, and if a violation occurs, the hardware reaction 
is as fol 1 ows : 

1. The addressed CR is not modified, and 

2. The event is I'ecorded as event E in the OUTSTANDING INTERRUPT 

byte. Thus, under these circumstances, event E may represent 

either (a) CR protection violation in selected VP, or (b) STOP 
button (Operator's Panel). 

The other Maintenance Panel switch which affects the hardware's reactions 
to the events under consideration is the AUTO INTERRUPT OFF switch. If this 
switch Is in the "off" condition (not the normal operating condition), then 
the following applies: 

1. Events A through H are recorded, as usual, in the OUTSTANDING 

EVENTS byte. However, no interrupt signal to the PPU results. 

The reaction is as if all interrupt mask bits v:ere "0". 

2. The time slot override bit for the selected VP is effective, 

and is set by hardware if event A through H occurs. 

3. The override reason byte operates normally for non-selected 
VP's, but is not updated if the override is for the selected VP. 
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FIG. 3 PROGRAMfCD INTERRUPTS 
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LOGIC CLOCK MODULE 



The Logic Clock Module (LCM) is capable of performing maintenance functions 
and providing synchronization for normal operation. Specific clock pulse sources 
are three different internally (on the LCM Card) generated clock rates and pro- 
visions for using an oscillator external to the machine as a clock signal. 

The three internally generated clock rates are nonnal ^ssns), marginal, 

(5% faster than normal), and slow (normal period plus 100 nanoseconds). The 
limits of the external signal source have not been determined. The internal 
source period is adjustable (for the normal and marginal rates) in steps of 
1/2 over the range froiii 40 to 159 by using jumper wiring through the proper 
sequence of printed circuit delay lines. 

The LCM has 9 input control lines. Seven of these input lines constitute 
a COMMAND to the logic clock as follows: 



X 



M 



X3X4X2X, 



Vn 



Burst Count Code 

0 * Run contin- 

uously 

1 Burst 



Clock Source Code 
0 0 Normal 

0 1 Marginal 

1 0 Slow 

1 1 External 



The command is entered into the LCM registers by the SYSTEM STANDBY or LOAD 
signals. SYSTEM STANDBY initial izes the LCM when it is true and causes COMMAND 
to be loaded and executed when it goes false. All further COMMANDS are loaded by 
LOAD. LOAD control signal enters COMMAND into the LCM registers when it goes 
true and execution begins with the second clock period. When COMMAND has been 
executed, a REPLY output signal is set true. When operating in BURST, the 
REPLY signal is not set until the completion of the required pulses. 

The logic clock can BURST or RUN continuously with any of the four clock 
sources, and it is stopped with a burst of zero pulses (COMMAND: 1 0000 ^A^g)- 
Since all synchronization on the LCM is accomplished using a locally shaped^ 
clock, control functions may be performed even if the system external to the 
LCM is not receiving a clock signal. 
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Comunications. Registers and AsslgniTiGnts for ASC System #1 





OUTSTANDING EVENT 



PF 


1 I 

MP 1 
( J 


MV 

1 , 


M3 1 SP j DV 


OP 



This byte records even.t.s which will cause an automatic interrupt. 
A bit is set by an event and is reset v/hen the interrupt reaction occurs. 
The byte is never set by software, nor is it expected that the byte be 
read or tested by software. A complete description of this byte is avail- 
able in Section Cl. 

Events associated with the bit positions are: 

PF a/c power failure 

MP - CM parity error in selected YP 

MV - CM protection violation in selected VP 

MB - CM breakpoint in selected VP 

SP - STOP button (Operator's Panel) 

DV - Disc protection violation 
OP - Illegal OP code in selected VP 
CP - . CP interrupt 

INTERRUPT MASK 

This byte prevents events recorded in the Outstanding Event 
byte from causing the automatic interrupt. These bits are set by soft- 
ware to permit interrupts and nVuy be reset by software to inhibit inter- 
rupts. Bit position interpretations correspond with those of the Out- 
standing Event byte. Hardware also resets bits as described in Section 
Cl. 



PROCESSED INTERRUPTS 

This byte indicates which of several events has causedan auto- 
matic interrupt. These bits are set by hardware when the interrupt 
occurs , and must be reset by software. Bit position interpretations 
correspond with those of the Outstanding Event byte. A complete des- 
cription of the Processed Interrupt byte is available in Section Cl . 
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These registers are used by the VP's for development of CM addresses 
as indicated by the instruction descriptions in Section C4. 

Software Responsibility; 

1. Enter the appropriate CM base address for program to be run 
in the VP. 

Hardware Responsibility: 

1. Select one of the eight base registers as determined by the 
Time Slot Table and the ti'me slot look ahead logic, and 
present the contents of the selected register to the PPU 
internal controls. 

TIME SLOT TABLE 




0 this time slot not assigned. 

1 this time slot assigned to the 
VP indicated. 
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Time slots occur in sequence from time slot 0 through time slot 15. 

Time slots i ti'.rough 15 are assigned to the VP's designated in 
the table. If a VP is assigned a series of adjacent time slots, only the 
first and alternate slots of the series are effective. Time Slot 0 uses 
the TEST MODE switch to select the VP. If the TEST MODE switch is in the 
NOPvMAL position, tiie VP SELE'Ci switch specifies the VP using T.S.O. If 
the TEST MODE switch is not NORMAL, the T,S. table specifies the VP. The 
Time Slot Table can be overridden when the Time Slot' Override byte indicates 
that the table entry is invalid. The time slot use is also affected during 
maintenance_operations by the V, BURST, and CONTROL fields of the PPU MAIN- 
TENANCE CONTROL registers, and by the TEST MODE switch on the Maintenance 
Panel . 



Software Responsibility: 

1, Modify the time slot table as required to control VP 
acti vi ty . 

Hardware Responsibility: 

1. Provide a time slot counter to designate the number of each 
time slot., 

2. Scan the TIME SLOT TABLE to select the VP to be allotted 
each time slot. 

3. Alter the result obtained by the scan of the TIME SLOT TABLE 
if: 

a) TIME SLOT OVERRIDE is indicated. 

b) Adjacent time slots are assigned to a VP. 

c) Certain maintenance functions are in effect as deter- 
mined by the Maintenance Logic which interprets the 
PPU MAINTENANCE CONTROL registers located in the CR 
file. 

UNIT REGISTERS 

0 31 

1 DCU I CP MCU 

I ^ I i 

These registers are used for direct communication between the PPU 
and other units within the system and are used in conjunction with the 
Common Command Register. Complete detailed assignments for these registers 
have not been determined, but the primary use of them will be for maintenance 
purposes . 
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COMMON COMMAND REGISTER. 



0 3 4 7 8 



15 




OP 



ADDR 



The COMMON COMMAND REGISTER (CCR) provides cor.nands from the ,PPU 
to all other units to control maintenance facilities and to provide com- 
n:uni cation links v/hich are infrcquejitly used. The ID field designates 
v/hich unit is to interpret the commands and perform the necessary actions. 
The OP field is an operation code. The ADDR field contains an address or 
an operand if required for the command. 



A more detailed explanation of the intent of the CCR is in Section G. 
Software Responsibility: 

1. Insert commands into the CCR as required. 



Hardware Responsibility: 

1. Present the contents of the CCR to all units. 



CCR TRANSFER BIT 

This bit is used to control transfer of the command contained in 
the CCR. The CCR TRANSFER BIT is set by software to indicate to CCR 
recipients that a new command is available in the CCR. The unit addressed 
by the CCR then resets the CCR TRANSFER BIT when the command has been re- 
ceived or when it has been executed, depending on the type of command. If 
the type of command is such that the CCR TRANSFER BIT is reset on receipt 
of the command by the unit, then completion of the command will .be indicated 
via the "Command Complete" bit in the CONDITION byte relating to the appro- 
priate unit. 

Note that a command can be issued to CCR recipient units by a single 
word transfer into the entire CR word containing the CCR and the CCR TRANSFER 
BIT, providing the remaining 15 bits of the word are written as "O’s". 

Software Responsibility: 

1. Set the CCR TRANSFER BIT to notify CCR recipients that a new 
command is present. 

2. Monitor the CCR TRANSFER BIT to determine when an issued command 
has been executed. 

Hardware Responsibility: 

1. Present the contents of the CCR TRANSFER BIT to all units. 

2. Provide input lines for resetting of the bit. 




PPU MAINTENANCE CONT ROL 

This portion of the CR file has been described in Section G. 
SWB PRIORITY 






— Bit indicating VPg priority. 



code . Priori ty 

0 ■ highest 

1 lowest 



This heKv/ord designates 'f'he priority of VP requests to CM. The 
bit associated with each VP jriay be modified by VP programs at any 
time. When more than one CM* request is present in the SWB, the requests 
are serviced according to the priority assignment in the SWB PRIORITY 
halfword. If two requests of equal priority are present, then the oldest 
request is serviced first. 

Software Responsibility; 

1. Load SWB PRIORITY as required for optimum use of CM by the PPU. 

Hardware Responsibility: 

1. Hardware selects the appropriate bit for presentation to 

the internal SWB controls. Selection is based in the contents 
of the T.S. table and the time slot look ahead logic. 
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START-UP AND AUDIO 
















T 


0 


1 


2 


3 
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4 


5 1 6 


7 



bit 


0 


- Start 


bit 


1 


- Bootstrap 


bit 


2 


•• Native Input Devi 


bi t 


3 


- Operating 


bit 

bit 


4 

5 


_^PPU Clock Control 


bit 


6 




bit 


7 


Audible Alarm 



Start-up (bits 0 through 3) is initiated by the use of the 
START button or the LOAD button located on the Operator's Panel. De- 
pression of the LOAD button must be simultaneous with positioning of the 
spring loaded system initialization sv/itch in order to be effective. Start- 
up causes the following sequence: 

1. All cells are cleared via the asynchronous reset lines. 

(The system can be shut down and stopped via the console 

or by depression of the STOP button on the Opev'ator's 

Panel with no intervening power loss to clear the cells.) 

2. a) The Start bit is set. 

b) The Bootstrap bit is set if the start-up was initiated 
by the LOAD button, but is not set if the start-up was 
initiated by the START button. 

c) The Native Input Device code is set according to the 
position of the system initialization switch on the 
Operator's Panel. "0" denotes Card Reader, "1" denotes 
disc. 

d) The Operating bit is set. 

The Audible Alarm bits control an audible alarm. If bit 6 is 
"1" then the alarm is in the fixed frequency mode, and bit 7 is the on/off 
switch. A "1" in bit 7 denotes "on". If bit 6 is "0" then the alarm is 
in the generated frequency mode, in which case bit 7 is the audio source. 

In this mode, any desired tone can be created by programming bit 7 to 
change at the desired frequency. 
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Sof'tv/are Responsibility; 

1. Interprets and resets bits 0 and 1. 

2. Interprets bit 2. 

3. Resets bit 3 at the conclusion of shut down. 

4. Sets and resets bits G and 7 as desired for audio., control . 

HardV‘/are Responsibility: 

1. Sets bit 0 when the START button or the LOAD button is 
depressed. The buttons are on the Operator's Panel. 

2. Sets bit 1 when the LOAD button is depressed. 

3. Sets and/or resets bit 2 when the LOAD button is depressed 
so as to reflect the position of the system initialization 
switch on the Operator's Panel, A “0“ in bit 2 indicates 
that the system initialization switch is in the Card Reader 
position, and a "1" indicates the disc position. 

4. Sets. bit 3 when the START button or the LOAD button is 
depressed. Employs bit 3 for operation of the OPERATING 
light on the Operator's Panel. 

5. Continually react to bits 6 and 7 as described above. 

The PPU Clock Control bits control the frequency of the PPL! 
logic clock when the CLOCK RATE switch on the Maintenance Panel is in the 
"Normal" position. For other positions of the CLOCK RATE switch, the two 
Clock Control bits are ineffective. The code is; 

bit 4 bit 5 

0 0 Nominal Rate' 

0 1 ■ Slow (Nominal Period + 100 ns) 

1 0 ' Fast (Nominal Frequency + 5%) 

1 1 Nominal Rate 

Software Responsibili cv: 

1. Set and Reset bits for desired frequency code. 

Hardware Responsibility: 

1. Control PPU logic clock frequency as described above* 
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CLOCK 



MSB 

LSB 

0 st 



These five bytes provide a binary count of lapsed time in the 
system. This counter is driven by an independent 10 mhz oscillator; however, 
since these CR bytes are updated in synchronism with the PPL! logic clock 
(nominal 85 nanosecond period) , the least significant two or three bits 
of the count will not be accurate. 

If the contents of these bytes are altered by software, the count 
is indeterminant until the next hardware update occurs. The update nullifies 
the attempted programmed modification. 

Software Responsibility: 

1. Read the CLOCK as required. 

2. Never write into the CLOCK. 

Hardv/are REspensi bi 1 i ty : 

1 . Update the CLOCK iti synchronism with the PPU logic clock. 

2. Provide a 10 mhz counter as a source for updating of CLOCK. 



AVAILABILITY 



''^0 


VP, 


I 

1 

1 


VP? 



This byte provides a running account of which VP's are available 
for assignments.. The start-up procedure software sets these bits to 1 to 
show all VP's available. 

Software Responsibility: 

1. Set bits to show VP availability. 

2. Reset bits to show VP activity. 

Hardware Responsibility: 

1. None. 





DCU CONDITION 



The MSB of this byte is the Cofomand Complete bit. This bit is 
set by the DCU at the conclusion of certain types of maintenance commands 
issued to the DCU via the Common Command Register. The bit is subsequently 
reset by software. 

The remaining bits are used by the DCU to notify the PPii that 
certain unusual events have occurred. Detailed assignments for the bits 
have not been determined, but it is anticipated that they will include 
CM parity error, CM breakpoint, and CM protection violation. It is 
possible that some of the condition bits may indicate that additional 
data relative to the event may be obtained thru the use of the CCR. 



CP CONDITION 



The MSB of this byte is the Command Complete bit. This bit is 
set by the CP at the conclusion of certain types of maintenance commands 
issued to the CP via the Common Command Register. The bit is subsequently 
reset by software. 

The remainder of this byte is used by the CP to notify the PPU; 
that unusual events have occured. These unusual events include CM parity 
error, CM breakpoint, and CM protection violation. Refer to this Section, 
page 23, for a detailed description of the CP condition byte. 



MCU CONDITION 



The MSB of this byte is the Command Complete bit.,-. This bit is 
set by the MCU at the conclusion of certain types of maintenance commands 
issued to the MCU via the Common Command Register. The bit is subsequently 
reset by software. 

The remainder of this byte is used by the MCU to notify the PPU 
that unusual events have occurred. Detailed assignments for the bits have 
not been determined, but it is anticipated that they will include CM parity 
error, CM breakpoint, and CM protection violation. It is possible that 
some of these condition bits may indicate that additional data relative 
to the event may be obtained through use of the CCR. 
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CR PROTECT CONTROL 



VP, 



VP. 



VP- 



These bits can place the VP under CR Protection to prohibit 
writing into an}' CR up to CR number 13,^. When a CR protection violation 
occurs, the CR cells involved are not cnanged and the time slot-'override 
is set. The bit position indicated by tiie VP SELECT switch on the Maintenance 
Panel is ineffective when the TEST MODE switch on the Maintenance Panel is 
in the "Normal" position. 

Software Responsibility: 

1. Set bits to subject VP's to CR protection on all subsequent 
W|rite references. 

2. Reset bits to inhibit the CR protection check on all sub- 
sequent write references. 

Hardv;are Responsibility: 

1. When a bit is set, it sends a protect enable signal into the 
internal PPU controls at the appropriate time as indicated 
by the T.S. Ta.ble and the time slot lookahead logic. A "1" 
in the bit position indicated by the VP SELECT switch is ignored. 

CM PROTECT CONTROL 



j ''Po i I “P?; 



These bits can place the VP under CM protection. All VP's employ 
the same three boundary pair parameters that are set up through the use 
of the Common Command Register (OCR). All CM requests, issued by a VP, 
are classified in one of three classes. If protection is in effect, the 
address requested is checked against the appropriate boundary pair. The 
three classes of requests are write, instruction fetch, and operand fetch. 

If a write request violates the protection, the memory cell is not modified. 
All violations result in a hardware reaction identical to that for breakpoint, 
i.e., either time slot override or automatic VP interrupt, depending on 
comparison of the VP number in violation and the VP SELECT switch. 

Software Responsibility: 

1. Set bits to subject VP's to CM protection on all subsequent 
CM references. 

2. Reset bits to inhibit the CM protection check on all subsequent 
CM references by VP's. 

Hardware Responsibility: 

1. When a bit is set, it sends a CM protect enable signal into the 
internal SWB controls at the appropriate time as indicated by 
the Time Slot Table and the time slot lookahead logic. 
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DCU CONTROL (for ASC system # 1 ) 




These bits control the disc activity via the tv;o Data Channels, 

DCq and DC,. The start bit (S ) is set to "1" by the softwar-e to indicate 
to^the channel that execution ^of a chain of commands will start. This 
bit is reset by the channel when the diain has been completed and the 
channel is again idle. The Abort bit (A ) is set by software to cause 
the channel to abort the current link irra chain of commands. The bit is 
reset by the channel, indicating completion of the link deletion. 

■ SLAVL TO MASTER 



VP, 



VP. 



VP- 



These bits are flags for the software. Bits are set by slave 
VP's when service from the master VP is required and are reset by the 
master VP. 

Software Responsibility; 

1. Set and reset bits as required for passing messages from 
slave VP's to master VP. 

Hardware Responsibility: 

1. None. 

MASTER TO SLAVE 



VP- 



VP 



0 



VP. 



These bits are flags for the software. Bits are set by the master 
VP to indicate required action by the slave VP. The bits are reset by the 
slaves. 



Software Responsibility; 

1. Set and reset bits as required for passing messages from the 
master VP to the slave VP's. 

Hardware Responsibility: 

1. None. 



2b 





DEVICE ATTENTION (for ASC System // D 




These bits indicate that an I/O device status has changed. There 
is one bit for each magnetic tape, paper device, and console. ,Hhen soft- 
ware has taken appropriate action, software resets the bits. The bits do 
not indicate status but rather status change. Bit positions are assigned 
as follows: 



^0 




1600 bpi tape #1 




- 


1600 bpi tape #2 




- 


1600 bpi tape #3 


^3 




800 bpi tape #1 






800 bpi tape #2 


^5 




1" tape #1 




- 


1" tape #2 


^7 




card reader #1 


^8 


- 


card punch #1 


^9 


- 


printer #1 


ho 


- 


printer #2 


hi 


- 


console #1 


bi2 


- 


console #2 


Software 


Responsibility: 


1. 


Monitor these bits to 
occurred. 


2. 


Reset bi ts . 



b-j 2 - console operator #1 
b-j^ " console operator #2 



determine that status changes have- 



Hardware Responsibility: 

1. Set bits to, indicate devi'^e status changes. 



21 

Section C2 




MONITOR Q NON-EMPTY 



This byte is einployed by software in conjunction with the Monitor Q 
Control byte in order to implement efficient and orderly access to queques in CM. 

Sof twa re Res pon s i b i 1 i ty : 

1. Set and reset bits as required by activity in queques. 

Hardv/are Respons i bi 1 i ty : 

1. None. 

MONITOR Q CONTROL 



This byte is employed by software in conjunction v^ith the Monitor Q 
Non-Empty byte in order to implement efficient and orderly access to queques 
in CM. 



Software Responsibility: 

1. Set and reset bits as required by activity in queques. 
Hardware Responsibility: 

1. None. 

TCP Q NON-EMPTY 

This byte is employed by software in conjunction with the TCP Q 
Control byte in the CR file in order to implement efficient and orderly 
access to queques in CM. 

Softv/are Responsibility: 

1. Set and reset bits as required by activity in queques. 
Hardware Responsibility: 

1. None. 

TCP Q CONTROL 

This byte is employed by software in conjunction with the TCP Q 
Non-Empty byte in order to implement jefficient and orderly access to 
queques in CM. 

Software Responsibility: 

1. Set and reset bits as required by activity in queques. 
Hardware Responsibility: 

1. None. 
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PAPER CONTROL (for ASC system #1 ) 



4 5 






9 10 n 



■1 



O 



15 



2J> 



These bits are used by 
a VP. The paper device driver 
the PCU programs and the paper 
relinquishes control of the VP 
driver polls the Paper Control 
requires use of the shared VP. 
expansion to ten paper devices 



several paper device handler programs to share 
program operates at a functional level between 
device handlers. The driver temporarily 
to device handler programs as required. The 
bits to determine which of several paper devices 
The driver and the Paper Control bits allow for 
as shown below: 



Card Readers (R) bits 0 (critical) bg to b3 expansion direction 

5 (non-cri tical ) b5 to bg expansion direction 

Card Punchers (P) bits 4 (critical) b^j to expansion direction 

9 (non-cri tical ) bg to bp expansion direction 

Line Printers (L) bits 10,11 (critical) b'lo to 0]4 expansion direction 



Paper Driver Terminate(T) bits 15 



These bits are controlled entirely by the paoer driver, handlers, and 
tile associated hardware except v/hen the Proaramming System wants to indicate a 
device or to terminate the driver. The initiating a device, the Programming 
System will set the appropriate device CALL (K) bit, which will be reset when 
the driver detects it and the driver is initiated. If the TERMINATE (T) bit 
is set by the Programming System, the driver will reset the bit and terminate 
the driver. 



Software Responsibility: 

1. Set call bits to initiate devices. 

2. Set the terminate- bit to terminate the device. 

3. Monitor all bits to determine that status changes have occurred. 

4. Reset bits when recognized and responded to. 

Hardware Responsibility: 

1. Set Critical Service bits in response to device activity. 

TAPE CONTROL (for ASC system# 1) 




These bits are employed for the sharing of a VP by two tape handlers. 
There are three programs, called tape drivers, each of which operates, at a 
functional level between the PCU programs and the tape handlers. Each driver 
can control two handler/device combinations. The Tape Control bits are polled 
by the driver programs, and the bits indicate that the associated transport 
or handler requires use of the shared VP. Driver #1 polls a, and B-. , Driver 
#2 polls 02 and ^216^0. 

These bits are controlled entirely by the tape handlers except -^or one 
situation. When a PCU v/ants to initiate a tape handler, it does so by setting 
one of the Tape Control bits. The driver initiates a handler and upon task 
completion, the handler will reset the bit. 
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I/O DEVICES (for ASC System #1) 



Card Reader 




These CR's are used for communication between the device handler 
programs and the devices. These bits are controlled and interpreted by 
the handlers and devices only. 
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CP-PP COMMUNICATION 



The follov/Inq pages define the direct communication link betv/een the 
Central Processor and the Peripheral Processor. 

Software has the option of monitoring the CP requests for attention via 
polling loops, an interrupt structure, or a combination of^the two. The 
options, once selected, are "hard wired" and not under program control. 

Interrupts may be selected for each or any of the follov/inq conditions: 

(1) System Errors (Parity or Breakooint) 

(2) MCP Instructions 
‘ ^(3) MCW Instmctions 

(4) Error Conditions (Protect Violation, Illegal Operation, or 
Arithmetic Exception) 

(5) Reason Codes ("Master Controller" busy conditions) 
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CP CONTROL AND CONDITION BYTES 



CR BYTE 



UNIT REGISTER 



OA 1 



OA 3 



12 0 



12 2 







UR (0-7) 








CONTROL BYTE 


CA 


CT 


SA 


SP 


r 

SR 


TR 


AC 


AS 


RESPONSE BYTE 


SE 


AT 


MC 


SC 


X 


RZ (0-2) 


.CONDITION BYTE 


CC 


AB 


BP 


PE 


IL 


AE 


PV 


RB 



UNIT REGISTER: Loaded with contents of CP hard core status via 

44nn CCR commands. 



CONTROL BYTE: Set and reset by Master Controller for control of 

CP Automatic Switching. Bits CA, CT, SA, and SP 
are internal to Master Controller while bits SR, 

TR, AC, and AS are monitored by CP hardware. 

RESPONSE BYTE: Set by CP hardware to inform the Master Controller 

of a service requirement. Reset by Master Controller 
after service performed. 

CONDITION BYTE: Set by CP hardware to inform the Master Controller of 

the CP's condition. All bits but RB are reset by the 
Master Controller. 








CODE INTERPRETATION 



CA: CP Available 



CT: CP Test 



SA: Step Active 



SR: System Reset 



Set by Master Controller when no CP step is 
primed. Indicates the need to pool for activity 
on the CP execution queue. Reset when a CP step 
is primed. 

Set by Master Controller to indicate CP control 
is being relinquished to MCD. When set, the 
Master Controller will not respond to any other 
activity in the CP Response or Condition bytes. 

Set by Master Controller when a CP step is 
initiated. Reset when a step terminates and no 
steo is primed for execution. 

Set by Master Controller to initiate a CP reset. 
Must be reset before any other CP action is 
taken. 



TR: Terminate Request Set by the Master Controller to terminate out- 

standing CCR or Automatic Switches in the CP 
Reset by tlie MC. 



AC: Allow Call Set by the Master Controller to permit Automatic 

MCP and MCW calls. Reset to inhibit these calls. 
Should be reset anytime a CCR command is used 
that invalidates the next job step status defined 
by pointers 16, 17, and 28. 

AS: Allow Switch Set by the Master Controller to permit automatic 

MCW and Error context switching. Reset to inhibit 
these switches. 



SE: System Error Set by CP to indicate a Parity Error or Breakpoint 

Match during normal CP operation. Reset by Master 
Controller. 

AT: Attention Set by the CP to indicate an abnormal termination 

(as defined by the Condition Byte) of an automatic 
call or switch (as defined by the MC and SC bits). 
Reset by the Master Controller. 



MC: Message Complete Set by the CP to indicate the completion of an 

MCP or MCW. Reset by the Master Controller after 
operation on the message. 
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SC: Switch Complete 



Set by the CP to indicate the completion of an 
MCW or Error sv/itch. Reset by the Master 
Controller after priming the next switch. 

RZ(0-2): Reason Codes Set by the CP to inform the Master Controller 

of the following context sv/itch conditions: 



CODE 


INTERPRETATION 




000 


NOOP 




001 


MCr inhibited by MC or SC 
bits being set. 




010 


MCW inhibited by MC or SC 
being set. 


b1 ts 


on 


Error switch inhibited by 
bits being set. 


MC or SC 


100 


MCW inhibited by AC = 0. 




101 


MCP inhibited by AC = 0. 




no 


MCW. inhibited by AS = 0. 




111 


Error switch inhibited by 


.AS = 0. 



The Master Controller resets these bits and sets the CP Rnn Bit 
via a CCR command after preparing for the indicated condition. 



CC: Command Complete Set by the CP to indicate the completion of 

the last requested CP CCR command. Reset 
by ttie Master Controller. 

AB: Abnormal Set by the 'CP to indicate the last requested 

CP CCR command terminated abnormality. Reset 
by tne Master Controller. 

BP: Breakpoint Set by the CP to inform the Master Controller 

of a CM Parity Error. Reset by the Master 
Controller. 



PE: Parity Error Set by the CP to inform the Master Controller 

of a CM Parity Error. Reset by the Master 
Controller. 




IL: Illeqal Operation Set by the CP to inform the Master Controller 

that an illegal operation code forced or att- 
empted to force an Error context switch. Reset 
by the Master Controller. 



AE: Arithmetic 

Exception Set by the CP to indicate that an arithmetic 

exception forced or attempted to force an Error 
context switch. Reset by the Master Controller. 

PV: Protect Violation Set by the CP to indicate that a CM protect vio- 

lation forced or attempted to force an Error 
context switch. Reset by the Master Controller, 



RB: Run Bit 



Continuously gated CR bit reflecting the state 
of the CP's internal run bit. 
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EXECUTION TIMES 



There are several factors which affect instruction execution times in 
the PPU. The effect of some of these variables is not amenable to quan- 
titative analysis. Hov;ever, if some assumptions are made, tables of exe- 
cution times can be formulated. Then the effect of the assumptions can be 
considered qualitatively. • 



Table 1 gives time units for executing all PPU instructions. These 
tables are based on the following assumptions . 

1. Where CM access is required, no memory interference 
occurs. 

2. The VP has two diametrically opposed time slots. 

(Under this assumption each time unit in the Table 
is equal to 680 ns). 

It will be noted that the table presents two values for skip or branch 
instructions . The first figure is for "fall through" , and the second figure 
is for taking the skip or branch. 

Effec ts of Assumptions 

Assumption 1, is not unusual for execution time tables. Because there 
are multiple users of the CM, it is possible that a VP may not be able to . 
acquire memory access immediately. The number of time units lost when this 
occurs and the frequency of occurrence are functions of the total system use 
of the CM. 

Each VP communicates with CM via the SWB, and present estimates are that 
this requires 300 ns when no interference occurs. Since all VP units within 
a PPU share the same memory bus, a given VP may have to "wait its turn;" 

Other VP units may be using the bus for program acquisition and/or data trans- 
fer. 



Deviations from assumption 2. affect the execution times in two ways. 
First, and most obvious, when a different number of time slots are allocated 
to a VP the value of each time unit is altered. For example, if only one . 
time slot is used, then each time unit is equal to 1360 ns. If four equally 
spaced time slots (0, 4, 8, 12) are used, then each time slot is equal to 
340 ns. Note that if the time slots are not symetrically spaced, then the 
time unit values vary. For example, if time slots 0, 2, 8, 10 are assigned 
to a VP, then the time units are alternately 170 ns and 510 ns. These, of 
course, average out to the 340 ns figure used for four equally spaced slots. 



but the overall picture is 
assignments affect execution times. 



. -smi /A 



due 



to the second way in v;hich 



S lU t 
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Time slot assignment can affect execution time due to tne time unit 
becoming less than the 300 ns required for CP access. When the time unit 
is reduced to 170 ns by the assign^aent of alternate time slots, the number 
of time units given by the tables must be increased by one for every reference 
to CM. 

In addition to these general considerations there is a specific class 
of instructions for vdiich instruction times interact with memory access in 
another way. Instructions which store data into CM are considered com- 
pleted when the data is delivered to the SWB even though the SWB may not 
have actually accessed CM yet. If successive instructions require CM 
access, they will be delayed until the SWB has completed the storage 
requested by 'tiie previous store instruction. Thus, in a memory interfer- 
ence environment, it is desirable to avoid following this class of instruc- 
tions with any instruction which references CM. 
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Table 1. Execution Times 




eacn 

addi ti cnal 
level of 
i ndi rect 



c 

2 

2 

2 

2 

2 

2 

2 

2 



2 

2 ■ 
2 
2 
2 
2 
2 
2 
2 
2 



2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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Table 1. Cont'd. 



Instruction 




Time Units 
from ROM 




Time Units 

i r 0;TI uri 




1 T 0-7 


T = 8-F 


each 

additional; 
level of 
indirect 


j 

T = 0-7 


T = 8-F 


each 

addi tional 
level of 
indirect 


LDB 87 


1 




i 

_ j 


1 






8F 


1 


- 


1 


1 






LDL 05 


2 


4 •• 


2 


2 


4 


2 


OD 


2 


4 ' 


2 


2 


4 


2 


39 


2 


4 


2 


2 


4 


2 


09 


2 


4 


2 


2 


4 


2 


LDR 07 


2 


4 


2 


2 


4 


2 


OF 


2 


4 


2 


2 


4 


2 


3B 


2 


4 


2 


2 


4 


2 


OB 


2 


4 


2 


2 


4 


2 


LDF OA 


5 


7 


2 


5 


7 


2 


2A 


5 


7 


2 


5 


7 


2 


ADD 

AD 50 


2 


4 


2 


1 

2 


4 


2 


DO 


1 


4 


2 


1 


4 


2 


ADH D1 


1 






1 






ADB D3 


1 






1 






•'^OL 51 


2 


4 


2 


2 


4 1 


2 


R 53 


I 2 


4 


9 


i O 

L. 


4 ! 


2 


SUBTRACT 

SU 54 


2 


4 


2 


' 2 




2 


D4 


1 


4 


2 


1 


4 


! 2 


SUH D5 


1 






1 






SUB D7 


1 






1 






SUL 55 


2 


4 


2 


2 


4 


2 


SUR 57 


2 


4 


2 


2 


4 


2 


LOGICAL— OR 










i 

1 


\ 


OR 44 


2 


4 


2 


2 


1 

I 

4 


2 


C4 


1 


4 


2 


1 


4 


2 


E4 


■ 1 


4 


2 


1 


4 


2 


ORH C5 


1 




— 


1 






E5 


1 




— 


1 


w 




ORB C7 


1 


• 




1 






E7 


1 


• 




1 




_ 


ORL 45 


2 


4 


2 


2 


4 


2 


ORR 4? 


0 


4 


o 

C 


2 


4 


2 


LOGICAL— AND 


[ 












40 


1 2 


4 


2 


2 


4 


2 


CO 


^ 1 


4 


2 


1 


4 


2 


£0 


^ 1 


4 ‘ 


2 


1 


4 


2 


ANH Cl 


1 






1 






El 


1 


- 


- 


1 


- 


- 



4 




Table 1 . Cont'd. 



Instruction 




Time Units 
from ROM 






Tir;ie Units 
from CM 




T = 0-7 


1 

! 

! 

1 

T = 8-F 


1 each 

adcii tional 
level of 
indirect 


i T = 0-7 


T = 8-r 1 


each 

additional 
level of 
i indirect 


ANB 


C3 


1 




— ! 


1 


. 1 

1 






E3 


1 






1 






ANL 


41 


2 


4 


2 


2 


4 


2 


ANR 


43 


2 


4 


2 


2 


4 


2 


LOGICAL- 


-EXCLUSIVE OR 














EX 


4C 


2 


4 


2 


2 


4 


2 




CC 


1 


4 


9 


1 


4 


2 




EC 


1 


4 


2 


1 


4 


2 


EXH 


CD 


1 


- 


- 


1 


.. 


1 «. 




ED 


1 

i 




- 


1 






EXB 


CF 




1 


” i 


] 


- 






EF 






j 


1 






EXL 


4D 


2 


A 


2 


2 


4 


2 


EXR 


4F 


2 


4 


2 


2 


4 


2 


LOGICAL- 


-EQUIVALENCE 














EQ 


48 


2 


4 


2 


2 


4 


2 




C8 


1 


4 


2 


1 


1 4 


2 




E8 


1 


/I 


2 


1 




2 


EQH 


C9 


1 


- 


- 


1 


- 


- 




E9 


1 


- 


- 


1 




- 


EQB 


CB 


1 


“ i 


- 


1 


i ^ 


- 




EB 


1 




- 


1 




- 


EQL 


49 


2 


4 


2 


2 


4 


2 


EQR 


4B 


2 


,4 


2 


2 


4 


2 


COMPARE 
















CE 


30 


2/3 


4/5 


2/2 


2/3 


4/5 


2/2 




D8 


1/2 


4/5 


2/2 


1/2 


4/5 


' 2/2 




F8 


1/2 


4/5 


2/2 


1/2 


4/5 


2/2 


CEH 


D9 


1/2 


- 


- 


1/2 


- 


- 




F9 


1/2 


- 


- 


1/2 


- 


- 


CEB 


DB 


1/2 


- 


- 


1/2 


- 


- 




FB 


1/2 


- 


- 


1/2 


- 


- 


CEL 


31 


2/3 


4/5 


2/2 


2/3 


4/5 


2/2 


CER 


33 


2/3 


4/5 i 


2/2 


2/3 


4/5 


2/2 


CN 


34 


2/3 


4/5 


2/2 


2/3 


4/5 


2/2 




DC 


1/2 


4/5 


2/2 


2/3 


4/5 


2/2 




FC 


1/2 


4/5 


2/2 


1/2 


4/5 


2/2 


CNH 


■ DU 


1/2 


- 


- 


1/2 


- 


- 




FD ■ 


1/2 


1 


- 


1/2 


; 


- 


CNB 


DF 


1/2 


- 


- 


1/2 


- 


- 




FF 


1/2 


- 


- 


1/2 


- 


- 


CNL 


35 


2/3 


4/5 


2/2 


2/3 


4/5 


2/2 


CNR 


37 


2/3 


4/5 


- 2/2 


2/3 


4/5 


2/2 
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Table 1. Cont'd 



Instruction 


Time Units 
from ROM 


Time Units 
from CM 


T = 0-7 


T = 8-F 


each 

addi tional 
level of 
indi rect 


i 

T = 0-7 


T = 8-F 


each 

addi tional 
level of 
indi rect 


TEST CR UNC 


1 

lER MASK AND 


^ SKIP 












TOL 


CA 


1/2 ! 






1/2 


/ - 




TOR 


CE 


1/2 


- 


- 


1/2 




- 


TZL 


C2 


1/2 


- 


- 


1/2 


- 


- 


TZR 


C6 


1/2 




- 


1/2 


- 


- 


TAOL 


EA 


1/2 




- 


1/2 


- 


- 


TAOR 


EE 


1/2 


- 


- 


1/2 




- 


TAZL 


E2 


1/2 




- 


1/2 


- 


- 


TAZR 


E6 


1/2 




- 


1/2 




- 


SHIFT 
















SHE (1) 


64 


i 0+ 




- 


0+ 




- 


SHA (1) 


60 


0+ 


- 


- 


0+ 


- 


- 


SHC (2) 


6C 


0+ 1 


- 


- 


0+ 




i 


TEST & SET 




i 

1 












TSZL 


D2 


1/2 


- 


- 


1/2 




- 


TSOL 


DA 


1/2 


- 


- 


1/2 


- 




TRZL 


92 


1/2 


. 


- 


1/2 


- 


- 


TROL 


9A 


1/2 


• 


~ 


1/2 




- 


TSZR 


D6 


1/2 


- 


- 


1/2 


- 


- 


TSOR 


DE 


1/2 


- 


- 


1/2 




- 


TRZR 


96 


1/2 


- 


- 


1/2 




- 


TROR 


9E 


1/2 


- 


- 


1/2 


- 


- 


ARITHMETIC 


TEST (CONOr 


riONAL BRAi 


CHES) 










TZ 


BO 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 




AO 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


TZH 


B1 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 




A1 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


TZB 


B3 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 




A3 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


TN 


B4 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 




A4 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


TNH 


B5 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 




A5 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


TNB 


B7 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 




A7 


1/3 


1/5 


0/2 


1/3 ! 


1/5 


0/2 


TP 


bS 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 




A8 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


TPH 


B9 


1/3 i 


1/5 


0/2 


1/3 


1/5 


0/2 




A9 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


TPB 


BB 


1/3 


1/5 


0/2 i 


1/3 


1/5 


0/2 




AB 


1/3 


1/5 


0/2 i 


1/3 


1/5 


0/2 



PPU Timing Analysis 7 
Section C3 




Table 1 . Cent' d 



Instruction 


1 Time Units 

i from ROM 


j Time Units 

1 from CM 




T - 0-7 


T - 8-F 


each a 
additi onal" 
level of 
indirect 


T - 0-7 


T = 8-F 


each 

additional 
level of 
indi rect 


TM 


BC 


1/3 


1/5 


0/2 


! 

1/3 


1/5 : 


0/2 




AC 


1/3 


1/5 


0/2 


1/3 


1/5 1 


0/2 


TMH 


BD 


1/3 


1/5 


0/2 


1/3 


1/5 1 


. 0/2 




AD 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


TUB 


BF 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 




AF 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


INDEX MODIFY 


AND BRANCH 












IBZ 


B2 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


I BN 


B6 


1/3 1 


1/5 


0/2 


1/3 


1/5 


0/2 


DBZ 


BA 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


DBN 


BE 


1/3 


1/5 


0/2 


1/3 


1/5 


0/2 


BRANCH UNCONDITIONAL 














BPCS 


AE 


2 


4 


2 


2 


4 


2 


BRS 


46 


2 


4 


2 


2 


4 


2 


BCS 


12 


2 


4 


2 


2 


4 


2 


BCAS 


52 


2 


4 


2 


2 


4 


2 


BPC 


5A 


2 


4 


2 


2 


4 


2 




5E 


2 


4 


2 


2 


4 


2 




42 


2 


4 


2 


2 


4 


2 


ec 


02 


2 


4 


2 


2 


4 


2 




32 


2 


4 


2 


2 


4 


2 


BCA 


4A 


2 


4 


2 


2 


4 


2 




4E 


2 


4 


2 


2 


4 


2 


BRSH 


56 


3 


5 


2 


3 


5 


2 


VP SET/RESET 


FLAG 














VPS 


86 


1 


- 


- 


1 






VPR 


82 


1 


- 




1 




- 


VPTO 


8E 


1/2 


... 


- 


1/2 






VPTZ 


8A 


1/2 


- 


- 


1/2 




- 



(1) A shift of 0 places takes 1 time slot. For nonzero cases, the total 
shift is made up of a series of incremental shifts of 1, 4, or 8-bit 
positions. For each increment required to make up the total shift, 
count 1 time slot. For example, a shift of 15 requires increments 

of 8, 4, 1, 1, 1. Thus 5 time slots are required to shift 15 places. 
Worst case time is 7 time slots for a shift of 31 places. 

(2) Similar to StIL & SHA except shift increments are 1, 4, 8, & 16. 

(3) Table entry is for time required to acquire the instruction to be 
executed. Add the execution time for the acquired instruction. 

(4) Add appropriate time units for each level of indirect addressing 
exhibited by the object instruction. 
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INTRODUCTION 



The Peripheral Processor instructions are described in the following 
sixteen groups; 

* STORE INSTRUCTIONS move data from a VPR or CR to a CR, VPR,,or to a 
CM location. 

* LOAD INSTRUCTIONS move data from a CRj VPR, or’ from a CM location to 
a VPR or CR. 

* ARITHMETIC INSTRUCTIONS add or subtract CM or VPR data to or from 
VPR data and place the results in the VPR. 

* LOGICAL INSTRUCTIONS perfonn logical operations between VPR data 
and CM, CR, or VPR data and place the results in the VPR. 

* COMPARE AND SKIP INSTRUCTIONS compare CM, CR, or VPR data with VPR 
data and can perform a program skip, depending on the results. 

* STACK INSTRUCTIONS store or retrieve operands in a reserved area 
of memory into which operands are stored (pushed) and retrieved 
(pulled) on a last~in, first-out basis. 

* MISCELLANEOUS INSTRUCTIONS include six various instructions. 

* IMMEDIATE INSTRUCTIONS perform load, logical, arithmetic, and compare 
operations with the immediate operand. 

* SET/RESET CR BITS INSTRUCTIONS set or reset bits in a CR. 

* TEST CR UNDER MASK AND SKIP INSTRUCTIONS test bits in a CR and 
perform a skip if the test is satisfied. 

* SHIFT INSTRUCTIONS shift the contents of a VPR a specified number of 
bits . 

* TEST AND SET INSTRUCTIONS test bits in a CR and perform a program 
skip if the test is satisfied. Independent of the test results, 
the specified bit(s) are set or reset, 

-* ARITHMETIC TEST INSTRUCTIONS test a VPR or a CR and perform a condi- 
tional branch if the test is satisfied. 

* INDEX MODIFY AND BRANCH INSTRUCTIONS modify the contents of a VPR, 
test the result and perform a program branch if the test is satisfied 

* BRANCH UNCONDITIONAL INSTRUCTIONS provide unconditional branching. 

* VP FLAG INSTRUCTIONS modify or test a CR bit, and the addressed bit 
is a function of the identity of the VP executing the instruction. 
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WORD FORMAT 



INSTRUCTION WORD FORMAT 

The instruction word is divided into four fields; 



0 1 


2 ' 


3 


4 


5 


6 


7 


OP 1 CODE 


R 


T 




N 


1 FJEDD 1 


t 


CP 


R 


T 






N 






i 

1 

1 

1 

1 






1 } i 







0 t 2 3 £ 5 6 7 6 9 1 0 1 1 1 2 1 3 1 -a 1 5 t 6 1 7 ta J9 20 2! 22 23 Z& 25 26 27 ?0 29 30 3J 



OP FIELD 

The OP field, consisting of eight bits and represented by the two 
digit hexadecimal OP coda, always specifies the operation to be performed. 
Most operations fall into families of three v/here numbers of the family 
specify whole word, half word, or byte class of operation. 

R FIELD 

The R field usually specifies a location in a VPR or CR file. 

T,N FIELD 

The T,N fields function together to specify an immediate operand, an 
operand address , or a branch address . 



DATA WORD FORMAT 

All arithmetic instructions interpret data in two's complement repre- 
sentation for negative numbers, and overflow are not detected. Data for- 
mats are as follows; 

whole word 



s 


Integer 


LSB 


0 










31 




half word 










s ' 


Integer 


LSB 


S 


Integer 


LSB 


0 




15 


16 




31 







byte 



1 

: S 

1 


Integer 

. J 


LSB 


1 1 
S 1 Integer j 


r“ 


I 

S ! Integer 
1 


LSB 


S 


I Integer 


|lsb| 

1 I 


0 






7 


8 


15 


16 


23 


24 




31 




Indi rect 


Cell Format 












M 




T 

1 




ADR 






r 


1 


d 


4 




7 


8 










31 



The indirect cell word may specify an operand address or a branch address. 



OPEP.AND SOURCE - DESTINAT 



THM 

■ 



RELATIONSHIP 



The operands specified by the R field and by the T,N fields may be 
whole word, half word, or byte operands depending on the operation. When 
half word or byte addressing is used, the combinations of source and des- 
tination locations are grouped to .the source-destination relationship of 
both operands in CR or VPR, one operand in CM, and immediate operand. 



BOTH OPERANDS IN CR OR VPR 

When both operand locations are in the VPR or the CR files, the two 
halfv/ords or bytes may be independently taken from any position within 
the VPR or CR. 





1 VPR or CR HALFWORD 


■ 








; . VPR or CR HALFWORD 










j VPR or CR BYTE 


‘ f 1 s' 








! VPR or CR BYTE 

> 
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ONE OPERAND IN CM 



When one of the operand location is in CM and the other is in the VPR 
or the CR files, byte addressing does not exist. Halfword locations may 
be independently taken from any position within the CM word and the VPR 
or CR. 




CM HALFWORD 



VPR or CR HALFWORD 



IMMEDIATE OPERAND 

When the operand source is an immediate operatid, and the destination is 
either a VPR or a CR, the destination may be in any halfword or byte position. 
The operand source is always the least significant byte or halfword. 




IMMEDIATE 0PERA.ND HALFWORD 



VPR or CR 



IMMEDIATE OPERAND BYTE 



VPR or CR BYTE 



4 










R FIELD ADDRESSING 



The R field can address a Virtual Processor Register or a Communications 
Register as specified by the operation. 



VPR ADDRESSING 

When the OP code specifies that the R field is addressing a VPR, the VPR 
location is determined as follows: 



R FIELD 


ADDRESSING LEVEL 


BYTE 


HALF WORD 

, 


WORD 


0 


VPRq, 


MOO U 

^‘ 0-3 


'•'PU 

.CKq 


1 


VPRq, H ._3 


2 


VPRO, 


VPRq, H ,.,7 


3 


VPRq’ '-' 6-7 


4 


VPR, , H„_, 


VPRi , Hq _3 

.. - .. . 


VPR^ 


5 


• VPRp H 2_3 


6 


VPR, . 


VPRi 3 


7 


VPR] ’ « 6-7 


8 


VPR^, 


VPR^, Hq _3 


VPR^ 


9 


VPR^, H 2_3 


A 


VPR^, H ,_5 


VPR^, 


B 


VPP 2 ’ 


C 


VPR3, 


VPR3, Hq_3 


VPR3 


D 


VPR3, H2_3 


E 


VPR3, 


VPR3, 

! 


F 


VPH3, 



CR ADDRESSING 

When the operation specifies that the R field is addressing a CR, the 
address is developed by addin? the R field and the least significant byte 
of VPRo. The address developed references one of the 64 CR tile words to 
the byte, half word, or whole word level in a manner similar to VPR address- 
ing. The contents of VPR^ remain unchanged. 
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T . FIELD ADDRESSING 



The TjN field can ho developed into an immediate operand, a direct or 
indirect operand address, or a direct or indirect branch address as speci- 
fied by the operation. A fev^ operations require that the usual T,N deve- 
lopment is modified by "augmenting". Augmenting is defined as replacing 
the three LSB's of the effective address with the identity of the VP exe- 
cuting the instruction. When augmenting occurs in combination with indirect 
addressing, only the first level indirect address is augmented. The T field 
may specify indexed and/or indirect addressing. Any VPP, lialf word except 
for the left half of VPRo may be designated as the index register by the 
T field. ^ 

The eight types of T,N field development and indirect addressing are 
shown in tabular form, using the following symbolic notations: 

the 16 bits of the N field 

a 24 or 32 bit signed number developed, by sign extension, 
from the 16 bit N field. 

the 24 bits of the CM base register located in the CR file. 

a 24 or 32 bit signed number developed, by sign extension, 
from the VPR half v?ord designated by t!ie three LSB’s of 
the T field. 

the 24 bit program counter address v/hich referenced the 
current instruction. 

the 24 bits of the ADR field in an indirect cell. 



.16 



24 32 

n or n 



- 

or 



pc 



24 



ADR' 



24 



IMMEDIATE OPERANDS 



T 


Operand 


0,8 


32 


1-7 


\ „32 . .32 


9-F 


j n + t 



OPERAND ADDRESSES, a 

CM Operands (word indexing) 



T 


a 


0 


1 > h 

n + D 


1-7 




8 


(n’« . b«) 


9-F 


(n^^ + 



6 






CM Absolu te Operands (v/ord i n de x 1 n g ) 



T 


i 

a 




16 


0 


n 




16 , ,2i\ 


1-7 


n + t 1 


8 


(n'®) 1 


9-F 


(n’® 1 


VPR or CR 


Operands (byte inde; 


T 


a 




16 


0 


n 


1-7 


n’® + ! 


b 


(n’6) 1 


9-F 


(n’« . 1 



Note; 



The LSB's (4 for VPR 
operand, 8 for CR 
operand) reference 
the registers in a 
iranner identical to 
R field addressing. 



BRANCH ADDRESSES, 3 



PC Relative (word indexing) 



T 


6 


0 

1-7 

8 I 

9 -F 

i 


24 24 

n + pc + 1 (3 references same 

„24 + pc 24 + , + 

/ 24 24 ^ T first indirect address 

'‘24 "24 ' 24 i^e’f'e^e^ces CM. For terminal 

(n^^ + + 1 + address, see indirect address 

y development. 



ROM (word indexing) 



T 


6 


0 

1-7 

8 

9-F 


ic 0/1 ^ B references ROM 

n’® + ,i 

/ 16\ first indirect address references 

24 ) file. For terminal address, see 

(n ° + z^)j indirect address development. 
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Base Relative (word indexing) 



T 


j 

oa 


0 

1-7 

8 

9-F 


16 , ,24 1 

n + b 1 

+ b?-'’ + . 

(n'e . b2'> . 


^ references CM 

first indirect address refer- 
^ ences CM. For terminal address , 
see indi rect address development 



Abso lute (word indexing) 



T 


T j ^ 


0 

1-7 

8 

9-F 


n’® 1 

(n’®) ) 


^ references CM 

first level indirect references CM. 

. For terminal addresses , see indirect 
' address development. 



INDIRECT ADDRESSES 

Multi-level indirect addressing and indexing is possible in the PPU 
instruction set. As shown on page 2 , each indirect cell contains a T field 
which is interpreted in a manner similar to the T field in an instruction 
word . 

The first level i ndi rect address developed from the original T,N fields 
may reference CM, VPR or CR, depending on the T,N development by the opera- 
tion. Additional levels of indirect addressing always reference CM. Ter- 
minal operand addresses always reference CM, but terminal branch addresses 
may reference either CM or ROM. If the MSB of the final indi rect cel 1 is 
"1", then the branch address references CM. If the MSB is "0", then the 
branch address references ROM. 

In some instructions, indirect addressing is undefined, and is noted 
in the instruction descriptions. For these instructions, the indirect tag 
bit is ignored. 



Operand Address (word indexing) 



T 


a 


0 


ADR^^ 


1-7 


ADR^^ + t^^ 


8 


(ADR^^) 


9-F 


(ADR^^ + t^^) 



8 






B ranch Ad d ress (v-j ord indexing) 



T 






0 


ADP/^^ ■ 

ADR^^ + t^^ , 


If MSB of indirect cell - 0, ref- 
^ erencos ROM. If MSB of indirect 


1-7 


cell = 1, references CM. 


8 


(ADR^^) 

(ADR^^^ + t^^^) ^ 


1 ' ' 
1 MSB of indirect cell ignored. 


9-F 


f 



INSTRUCTION DESCRIPTION FORMAT 



The PPL! instructions are presented in the following format: 





Op 


B 


TJl 


Symbolic Statement 


Code 


field 


Field 


(Table 1.) 










Op Code 


R field 


T,N field 


This paragraph contains a general 


number 


speci fied 


specified 


discussion of the instruction type. 




location 


location 




A discuss 


ion of liris 


. operatiuii 


• 


may be required. 






Op 


R 


T^N 




Code 


Field 


Field 




Op Code 


R field 


T,N field 




number 


specified specified 






location 


location 



A discussion of this operation 
may be required. 



Instruction Description Format 9 
Section C4 





Table 1. Glossary of Symbolic Terms used in PPU Instructions 



Term 



Meani ng 



a 



e 

(location) 

r 

VPR 

CR 

, OR 

© 

o 

PC 

f 

EA 

R 

Ri 

(Di 

z 

ir 

> 



operand address developed by the interpretation of the T 
and N fields. 

branch location developed by the interpretation of the T 
and N fields. 

the contents of "location" where location is an address. 

a register; either VPR or CR 

virtual processor register 

communication register 

"is transferred to" 

plus (arithmetic addition) 

minus (arithmetic subtraction) 

logical OR function 

logical AND function 

logical EXCLUSIVE OR function 

logical EQUIVALENCE function 

program counter containing the address of the current 
instruction * 

equal (not "is replaced by" in this document) 

not equal 

effective address developed by the interpretation of the T 
and N fields. 

R field of the instruction 

the i— bit of the R field 
t h 

the i“ bit of a hex character contained in a register 
"the logical summation of" 

"the logical product of" 
equal or greater, than 
less than 
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STO RE INSTRUCTIONS 



STORE WORD (ST) 

(r) a 

The operand specified by the R field 
is stored in the location specified by 
the T,N field. 



STORE WORD ABSOLUTE (STA) 

(r) a 

The operand specified by the R field 
is stored in the location specified by 
the T,ri field. 

STORE HALFHORD (STH) 

(r) -> a 

The operand specified by the R field 
is stored in the location specified by 
the T,N field. Indirect addressing is 
undefined. 

STORE BYTE (STB) 

('f') a 

The operand specified by the R field 
is stored in the location specified by 
the T,N field. Indirect addressing is 
undefined. 

STORE LEFT HALFWORD (STL) 

(r) -V et 

The operand specified by the R field 
is moved to the left half of 
location specified by the T,N field. 

STORE RIGHT HALFWORD (STR) 

(r) ->■ a 

The operand specified by the R field 
is stored in the right half of the 
location specified by the T,N field. 



Op 


i? 




T,N 


Code 


Field 


Field 


14 


VPR 


-> 


CM 


1C 


VPR 


->• 


CM augmented 


90 


VPR 


*> 


VPR 


98 


VPR 


-> 


CR 


10 


CR 


-> 


CM 


18 


CR 


-> 


CM augmented 


94 


CR 


-> 


VPR 


9C 


CR 




CR 



Op 


R 


1\N 


Code 


Field 


Field 


IE 


VPR 


CM absolute,- agmented 


16 


VPR 


CM absolute 



Op 


R 




T,N 


Code 


Field 


Field 


91 


VPR 




VPR 


99 


VPR 


-> 


CR 


95 


CR 




VPR 


9D 


CR 




CR 


Op 


R 




T,N 


Code 


Field 


Field 


93 


VPR 




VPR 


9B 


VPR 




CR 


97 


CR 




VPR 


9F 


CR 




CR 


Op 


R 




T,N 


Code 


Field 


Field 


15 


VPR 


-> 


CM 


ID 


VPR 




CM augmented 


11 


CR 




CM 


19 


CR 




CM augmented 


Op 


R 




T^N 


Code 


Field 


Field 


17 


VPR 




CM 


IF 


VPR 


-> 


CM augmented 


13 


CR 




CM 


IB 


CR 




CM augmented 
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m 



T^N 

F'ieZd 



B 



STORE VP FILE (STF) 

(Tq) a 

( r-j ) ->■ a + 1 

( T2 ) a + 2 

(r^) a + 3 

The contents of all four VPRs are 
stored into four consecutive locations 
CM. T,N field development is modified 
such that the first of the four CM ad- 
dresses is forced to be a multiple of 
four. 



Op F 

Code Field 

lA (not used) CM augmented 

If T = 0 - 7, the 2 LSB's of 
the effective address are forced 
to zero and augmenting occurs in 
the 3 bits adjacent to the LSB's. 
If T = 8 - F, augmenting occurs 
normally, however, the 2 LSB''s of 
the effective address indirectly 
acquired are forced to zero. 



Op R T^N 

Code Field Field 

2 j\ (not used) CM 

If T = 0 - 7, the two least 
significant bits of the effective 
address are forced to zero. If 
T = 8 - F, indirect addressing 
occurs normally, however, the two 
least significant bits of the 
effective address indirectly ac- 
quired are forced to zero. 



12 




LOAD INSTRUCTIONS 



LOAD WORD (LD) 

(a) ■ r 

The operand indicated by the T,N 
field is loaded into the register 
-specified by the R field. 



LOAD WORD ABSOLUTE (LDA) 

(a) r 

The operand indicated by the T,N 
field is loaded into the register in- 
dicated by the R field. 

LOAD HALFWORD (LDH) 

(a) 

The operand indicated by the T,N 
field is loaded into the register 
specified by the R field. Indirect 
addressing is undefined. 

LOAD BYTE (LDB) 

(a) r 

The operand indicated by the T,N 
field is loaded into the register 
specified by the R field. Indirect 
addressing is undefined. 

LOAD LEFT HALFWORD (LDL) 

(a) r 

The left half of the operand in- 
dicated by the T,N field is loaded 
into the register specified by the R 
field. 



Op 


R 






Code 


Riel 


d 


Field 


04 


VPR 


<- 


CM 


OC 


VPR 


<- 


CM augmented 


80 


VPR 




VPR 


88 


VPR 


-V- 


CR 


38 


CR 




CM 


08 


CR 


<- 


CM augmented 


8^ 


CR 


<- 


VPR 


8C 


CR 




CR 



Op 


R 


T,N 


Code 


Field. 


Field 


OE 


VPR ^ 


CM absolute augmented 


06 


VPR ^ 


CM absolute 



Op 


R 




T,N 


Code 


Field 


Field 


81 


VPR 




VPR 


89 


VPR 


<- 


CR 


85 


CR 


<- 


VPR 


8D 


CR 




CR 


Op 


R 




T,N 


Code 


Field 


Field 


83 


VPR 


-f- 


VPR 


8B 


VPR 


<- 


CR 


87 


CR 


<- 


VPR 


8F 


CR 


<- 


CR • 


Op 


R 




T^N 


Code 


Field 


Field 


05 


VPR 


-f- 


CM 


OD 


VPR 




CM augmented 


39 


CR 


■<r 


CM 


09 


CR 




CM augmented 
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5/69 



LOAD RIGHT HALFWORD (LDR) 

(a) -»* r 

The right half of the operand indica- 
ted by the T,N field is loaded into the 
half of the register specified by the 
R field. 

LOAD VP FILE (LDF) 

(a) Tq 

(a + 1) r-| 

(a + 2) V 2 

(a + 3) ->- r^ 

The four VPR's are loaded from four 
consecutive CM locations. T,N field 
development is modified such that the 
first of the four CM addresses is forced 
to be a multiple of four. 



Op 


R 


T^N 


Code 


Field 


Field 


07 


VPR ^ 


CM 


OF 


VPR ^ 


CM augmented 


3B 


CR ^ 


CM 


OB 


CR ^ 


CM augmented 


Op 


R 


TJl 


Code 


Field 


Field 


OA 


(not 

used) 


CM augmented 



If T = 0 - 7, the 2 LSB's of the 
effective address are forced to zero 
and augmenting occurs in the 3 bits 
adjacent to the LSB's. If T = 8 - F, 
augnenting occurs normally, hov;ever, 
the 2 LSB's of the effective address 
indirectly acquired are forced to 
zero. 

Op R TJ 

Code Field Field 

3_A (not CM 

used) 

If T = 0 - 7, the 2 LSB's of the 
effective address are forced to zero. 
If T = 8 - F, indirect addressing 
occurs normally, however, the two 
least significant bits of the effec- 
tive address indirectly acquired 
are forced to zero. 
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ARITHMETIC INSTRUCTI Of] S 



ADD HORD (AD) 

(r) + (a) ^ r 

The operand specified by the T,N 
field is added to the contents of the 
VPR specified by the R field and the 
result replaces the contents of the 
VPR. Overflows are ignored. 



Op^ 


R 


T^N 


Code 


Field 


Field 


50 


VPR 


CM 


DO 


VPR 


VPR 



ADD HALFWORD (ADH) 

■ (r) + (a) -> r 

The halfword specified by the T,N 
field is added to the contents of the 
VPR halfword specified by the R field 
and the result replaces the contents 
of the VPR halfword. Overflows are 
ignored. Indirect addressing is un- 
defined. 

ADD BYTE (APB) 

(r) + (a) r 

The byte indicated by the T,N ■ 
field is added to the contents of the 
VPR byte specified by the R field and 
the result replaces the contents of the 
VPR byte. Overflows are ignored. In- 
direct addressing is undefined. 

ADD LEFT HALFWORD (API) 

(n) + (a) r 

The left half of the operand 
specified by the T,N field is added to 
the contents of the VPR halfword 
specified by the R field and the re- 
sult replaces the contents of the 
VPR halfv/ord. Overflows are ignored. 



Op 


E 


TJ 


Code 


Field 


Field 


D1 


VPR 


VPR 



Op 


R 


T,N 


Code 


Field 


Field 


D3 


VPR 


VPR 






Op 


R 


T, N\ 


Code 


Field 


Field 


51 


VPR 


CM 
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ADD RIGHT HALFk'ORD (ADR) 

(r) .+ (a) ■ ->- r 

The right half of the operand 
specified by the T,N field is added to 
the contents of a VPR halfword specified 
by the R field and the result replaces 
the contents of the VPR halfword. Over- 
flows are ignored. 

SUBTRACT WORD (SU) 

(r) - (a) -> r 

The operand specified by the T,N 
field is subtracted from the contents of 
the VPR specified by the R field and the 
result replaces the contents of the VPR. 
Overflows are ignored. 

SUBTRACT HALFWORD (SUH) 

(r) - (a) r 

The halfv/ord specified by the T,N 
field is subtracted from the contents of 
the VPR halfword specified by the R field 
and the result replaces the contents of 
the VPR halfv;ord. Overflows are ignored. 
Indirect addressing is undefined. 



Op 


E 


T^N 


Code 


Field 


Field 


53 


VPR 


CM 



Op 


R 


TJ 


Code 


Field 


Field 


54 


VPR 


CM 


04 


VPR 


VPR 



Op 


E 


T,N 


Code 


Field 


Field 


D5 


VPR 


VPR 



SUBTRACT BYTE (SUB) 

(r) - (a) r 

The byte specified by the T,M 
field is subtracted from the contents of 
the VPR byte specified by the R field, and 
the result replaces the contents of the 
VPR byte. Overflows are ignored. Indirect ' 
addressing is undefined. 



Op 


R 


T^N 


Code 


Field 


Field 


D7 


VPR 


VPR 



SUBTRACT LEFT HALFWORD (SUL) . „ 

' ■ ^ Up n 

(r) - (a) -> r Code Field Field 

The left half of the operand 55 VPR CM 

specified by the T,N field is subtracted 
from the contents of the VPR halfword 
specified by the R field and the result 
replaces the contents of the VPR halfword. 

Overflows are ignored. 
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SUBTRACT RIGHT HALFWORD (SUR ) 



(r) - (a) -> r 

The right half of an operand 
specified by the T,N field is sub- 
tracted from the contents of a VPR 
halfvmrd specified by the R field and 
the result replaces the contents of the 
VPR halfword. Overflows are ignored. 



Op 


E 


T^N 


Code 


Field 


Field 


57 


VPR 


CM 



Arithmetic Instructions 17 
Section C4 




LOGICAL INSTRUCTIONS 



LOGICAL OR WORD (OR) 

(r) OR (a) r 

The operand specified by the TjM field 
is logically combined using the OR function 
v/ith the operand specified by the R field 
and the result replaces the contents of 
the VPR. 

LOGICAL OR HALFWORD (OR H) 

(r) OR (cx) r 

The operand halfv/ord specified by the 
T 5 N field is logically combined using 
the OR function vnth the operand halfword 
specified by the R fi eld and the result 
replaces the contents of the VPR halfword. 
Indirect addressing is undefined. 

LOGICAL OR BYTE (ORB) 

(r) OR (a) -> r 

The operand byte specified by the T,N 
field is logically combined using the OR 
function with the operand byte specified 
by the R field and the result replaces the 
contents of the VPR byte. Indirect ad- 
dressing is undefined. 

LOGICAL OR LEFT HALR‘I0RD (ORL) 

(r) OR (a) r 

The left half of the operand word 
specified by the T,N field is logically 
combined using the OR function with the 
halfword specified by the R field and the 
result replaces the contents of the VPR. 

LOGICAL OR RIGHT HALFWORD (ORR) 

(r) OR (a) r 

The right half of the operand word 
specified by the T,N field is logically 
combined using the OR function with the 
halfword specified by the R field and the 
result replaces the contents of the VPR 
halfword. 



Op 


H 


T,N 


Code 


Field 


Field 


44 


VPR 


CM 


C4 


VPR 


VPR 


E4 


VPR 


CR 



Op 


R 


T^N 


Code 


Field 


Field 


C5 


VPR 


VPR 


E5 


VPR 


CR 



Op 


R 


T,N 


Code 


Field 


Field 


C7 


VPR 


VPR 


E7 


VPR 


CR 



Op 


R 


T,N 


Code 


Field 


Field 


45 


VPR 


CM 



Op 


R 


TyN 


Code 


Field 


Field 


47 


VPR 


CM 
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LOGICAL AND WORD jm) 

(r) • (a) r 

The operand specified by the TJi 
fields is logically combined using 
the AND function vn'th the operand 
specified by the R field and the re- 
sult replaces the contents of the VPR. 

LOGICAL AND HALFWORD (ANH) 

(r) • (a) -> r 

The operand halfword specified by 
the T,N field is logically combined 
using the AND function with the half- 
word in a VPR specified by the R field. 
The result replaces the contents of 
the VPR halfword. Indirect addressing 
Is undefined. 

LOGICAL AND BYTE (ANB) 

(r) • (a) r 

The operand byte specified. by the 
T,N field is logically combined using 
the AND function with the operand 
byte specified by the R field. The 
result replaces the contents of the 
VPR byte. Indirect addressing is un- 
defined. 

LOGICAL AND LEFT HALFWORD (ANL) 

(r) • (“) r 

The left half of the operand 
specified by the T,N field is logicaTly 
combined using the AND function with 
the halfworu in a VPR specified by the 
R field and the result replaces the 
contents of the VPR halfword. 

LOGICAL AND RIGHT HALFWORD (ANR) 

(r) . (a) r 

The right half of the operand word 
specified by the T,N field is logically 
combined using the AND function v/1th the 
VPR halfword specified by the R field. 
The result replaces the contents of the 
VPR halfword. 



Op 


R 




Code 


Field 


Field 


40 


VPR 


CM 


CO 


VPR 


VPR 


EO 


VPR 


CR 



Op 


R 


T,N 


Code 


Field 


Field 


Cl 


VPR 


VPR 


El 


VPR 


CR 



Op 


H 




Code 


Field 


Field 


C3 


VPR 


VPR 


E3 


VPR 


CR 



Op 


E 


T,N 


Code 


Field 


Field 


41 


VPR 


CM 



Op 


R 


TyN 


Code 


Field 


Field 


43 


VPR 


CM 
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LOGICAL EXCLUSIVE OR WORD (EX) 

(r}0(a) -r 

The operand specified by the T,N field 
is logically combined using the exclusive 
OR function with the operand specified 
by the R field. The result replaces the 
contents of the VPR. 



Op 


R 


T^N 


Code 


Field 


Field 


4C 


VPR 


CM 


CC 


VPR 


VPR 


EC 


VPR 


CR 



LOGICAL EXCLUSIVE OR HALFWORD (EXH) 
(r) © (a) r 



VPR halfword specified by the R field 
using the exclusive OR function. The 
result replaces the contents of the VPR 
halfword. Indirect addressing is un- 
defined. 





Op 


R 


T^N 




Code 


Field 


Field 


the 


CD 


VPR 


VPR 


the 


ED 


VPR 


CR 



LOGICAL EXCLUSIVE OR BYTE (EXB) ' 

(r) © (a) r 

The operand byte specified by the T,N 
• field is logically combined using the 
exclusive OR function with the operand 
byte specified by the R field. The re- 
sult replaces the contents of the VPR-^ 
byte. Indirect addressing is undefine'd. 

LOGICAL EXCLUSIVE OR LEFT HALFWORD (EXL) 
{r)©(a) -vr 

The left half of the operand word 
specified by the T,N field is logically 
combined using the exclusive OR function 
with the halfword specified by the R field 
and the result replaces the contents of 
the VPR halfword. 

LOGICAL EXCLUSIVE OR RIGHT HALFWORD (EXR) 
(r) © (a) -s- r 

The right half of the operand word 
specified by the T,N field is logically 
combined using the exclusive OR function 
with the halfword specified by the R 
field. The result replaces the contents 
of the VPR halfword. 



Op 


R 


T,N 


Code 


Field 


Field 


CF 


VPR 


VPR 


EF 


VPR 


CR 



Op 


R 


T^N 


Code 


Field 


Field 


4D 


VPR 


CM 



Op 


R 


T,N 


Code 


Field 


Field 


4F 


VPR 


CM 
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LOGICAL EQUIVALENCE WORD (E Q) 

(r) O (a) -> r 

The operand specified by the T,N 
field is logically combined using the 
equivalence function with the operand 
in the VPR specified by the R field. 

The result replaces the contents of 
the VPR. 

LOGICAL EQUIVALENCE HALFWORD (EQH) 

(r) (O (a) -> r 

The operand halfword indicated by 
the T,N field is logically combined 
using the equivalence function with 
the operand halfword specified by the 
R field. The result replaces the ccn- 
tents of the VPR halfword. Indirect 
addressing is undefined. 

LOGICAL EQUIVALENCE BYTE (EQB) 

(r) (a) ^ r 

A byte specified by the T,N field 
is logically combined using the 
equivalence function with the byte 
in a VPR specified by the R field. 

The result replaces the contents of 
the VPR byte. Indirect addressing Is 
undefined. 

LOGICAL EQUIVALENCE LEFT HALFWORD (EQL) 
(r) C:' (a) ^ r 

The left half of the operand word 
specified by the T,N field is logically 
combined using the equivalence function 
with the halfword in a VPR specified 
by the R field. The result replaces 
the contents of the VPR halfword. 



Op 


R 


T,N 


Code 


• Field 


Field 


48 


VPR 


CM 


C8 


VPR 


VPR 


E8 


VPR 


CR 



Op 


R 


T,N 


Code 


Field 


Field 


C9 


VPR 


VPR 


E9 


VPR 


CR 



Op 


R 


T^N 


Code 


Field 


Field, 


CB 


VPR 


VPR 


EB 


VPR 


CR 









Op 


R 


T^N 


Code 


Field 


■ Field 


49 


VPR 


CM 
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LOGICAL EQUIVALENCE RIGHT HALFWORD (EQR) 


Op 


H 


T,N 


(r) Q (a) r 


Code 


Field 


Field 


The right halfword of the operand 
specified by the T,N field is logically 
cop^bined using the equivalence function 
with the VPR halfword specified by the 
R field. The result replaces the contents 
of the VPR halfv/ord. 


4B 


VPR 


CM 
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COMPARE AND SKIP INSTRUCTIONS 



COMPARE WORD, SKIP IF EQUAL (CE) 

(PC) + 2 -> PC if (r) = (a) 

The contents of the register indicated 
by the T,N field is compared v;ith the con- 
tents of the VPR indicated by the R field. 

A skip is made depending on the result. 

COMPARE HALFWORD, SKIP IF EQUAL (CEH) 

(PC) + 2 PC if (r) = (a) 

The halfword indicated by the T,N field 
is compared with tlie contents of the VPR 
halfword indicated by the R field. A 
skip is made depending on the result. 
Indirect addressing is undefined. 

COMPARE BYTE, SKIP IF EQUAL (CEB) 

(PC) + 2 PC if (r) = (a) 

The byte indicated by the T,N field 
is compared with the contents » of the VPR 
byte indicated by the R field. A skip 
is made depending on the result. Indirect 
addressing is undefined. 

COMPARE LEFT HALFWORD, SKIP IF EQUAL (CEL) 

(PC) + 2 PC if (r) - (a) 

The left half of the word addresjsed by 
the T,N field is compared with the half 
word addressed by the R field. A skip is 
made depending on the result. 

COMPARE RIGHT HALFWORD, SKIP IF EQUAL (CER) 

(PC) + 2 PC if (r) = (a) 

The right halfword addressed by the 
T,N field is compared with the halfword 
addressed by the R field. A skip is made 
depending on the result. 

COMPARE WORD, SKIP. IF NOT EQUAL (CN) 

(PC) + 2 -> PC if (r) f (a) 

The contents of the register indicated 
by the T,N field is compared with the con- 
tents of the VPR indicated by the R field. 
A skip is made depending on the result. 



Op 


R 


TJl 


Code 


Field 


Field 


30 


VPR 


CM 


D8 


VPR 


VPR 


F8 


VPR 


CR 



Op 


R 




Code 


Field 


Field 


D9 


VPR 


VPR 


F9 


VPR 


CR 



Op 


R 


T^N 


Code 


Field. 


Field 


DB 


VPR 


VPR 


FB 


VPR 


CR 



Op 


R 




Code 


Fi e Id 


Field 


31 


VPR 


CM 



Op 


R 


T,N 


Code 


Field 


Field 


33 


VPR 


CM 



Op 


R 


T,N 


Code 


Field 


Field 


34 


VPR 


CM 


DC 


VPR 


VPR 


FC 


VPR 


CR 
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COMPARE HALFWORD. SKIP IF NOT EQUAL (CNH) 
(PC) + 2 PC if (r) ^ (a) 

The halfword indicated by the T,N 
field is compared with the contents 
of the VPR word indicated by the R 
field. A skip is made depending on the 
result. Indirect addressing is un- 
defined. 



Op 


R 


T^N 


Code 


Field 


Field 


DD 


VPR 


VPR 


FD 


VPR 


CR 



COMPARE BYTE, SKIP IF NOT EQUAL (CNB) 

(PC) + 2 PC if (r) ^ (a) 

The byte indicated by the T,N field 
Is compared with the contents of the 
VPR byte indicated by the R field, A 
skip is made depending on the result. 
Indirect addressing is undefined. 



Op 


R 


T,N 


Code 


Field 


Field 


DF 


VPR 


VPR 


FF 


VPR 


CR 



COMPARE LEFT HALFWORD, SKIP IF NOT EQUAL (CNL) ^ 

(PC) + 2 ^ PC if (r) ?! (a) Code 



R TyN 

Field Field 



The left half of the word addressed 35 VPR CM 

by the T,N field is compared with the 
halfv/ord addressed by the R field. A 
skip is made depending on the result. 



COMPARE RIGHT HALFWORD, SKIP IF NOT EQUAL (CNR) ^ ^ y ^ 

(PC) + 2 PC if (r) ?! (a) Code Field Field 

The right halfword addressed by the 37 VPR CM 

T,N field is compared with the half- 
word addressed by the R field. A skip 
is made depending on the result. 
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STACK INSTRUCTIONS 



Two consecutive parameter words are 
maintained in CM by the stack instructions 
to provide status of the last-in, first-- 
out stack of operands. 

The first parameter word provides a 
word count parameter in the 16 most sig- 
nificant bits. The word count indicates 
the number of operands currently in the 
stack. The 16 least significant bits of 
the first parameter word are the space 
count. The space count indicates the re- 
maining stack capacity. Thp maximum space 
allowable for a stack is 2‘^ - 1. 

The second parameter word, at the CM 
address one greater than the address of 
the first parameter word, contains the 
stack pointer. The next available, unused 
-Stack location is given by the pointer. 

The pointer occupies the 24 least signi- 
ficant bits of the parameter word, and the 
8 most significant bits are unused. 

PUSH STACK (PUSH) 



The first parameter word is read from 
the CM location specified by the T,N 
fields. A test for zero is performed on 
the space count. If the space count is 
zero, the execution terminates, and the 
next sequential instruction is taken. 

If, the space count is non-zero, the space 
count is decremented, the word count is 
incremented, and the resultant parameter 
word replaces the original parameter word 
in CM. 

The second parameter v-^ord is then 
read from CM. This word, the stack 
pointer, is incremented, and the result 
replaces the original value in CM. Tne 
value of the stack pointer before incre- 
menting is the effective address into 
which the operand is stored. When exe- 
cution is completed, the next sequential 
instruction is skipped. 



Op 


R 


T^N 


Code 


Field 


Field 


58 


VPR 


CM 
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PULL STACK (PULL) 



The first parameter word is read from 
the CM location specified by the TjN fields. 
A test for zero is performed on the word 
count. If the word coimt is non-zero, the 
space count is incremented, the word count 
is decremented, and the resultant parameter 
word replaces the original parameter word 
in CM, 

The second parameter word is then read 
from CM. The stack pointer is decremented, 
and the result replaces the original value 
in CM. The new value of the stack pointer 
is the effective address from which the 
operand is taken. When execution is com- 
pleted, the next sequential instruction is 
skipped. 



MODIFY STACK (MOD) 



The amount of the modification is 
denoted by the contents of the VPR half- 
word designated by the R field. If the 
halfv/ord modification value is negative 
(2's complement), deletion of the most 
recent stack entries, results. If the 
halfword modification value is positive, 
a gap of unused stack locations is 
created. 

The first parameter word is read 
from the CM location specified by T,N 
field addressing. The modification 
value is added to the word count and 
subtracted from the space count. If 
either result is negative, the execu- 
tion terminates, and the next sequential 
instruction is tak en. If both results 
are non-negative, the new word and space 
counts replace the original parameter 
word in CM. 

The second parameter word is then 
read from CM. The modification value 
is added to the stack pointer and re- 
places the original parameter word in CM. 
When execution is completed, the next 
sequential instruction is skipped. 



Op 


R 


T,N 


Code 


Field 


Field 


59 


VPR 


CM 



Op. 


R 


T^N 


Code 


Field 


Fie Id 


5B 


■VPR 


CM 
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MISCELLANEOUS INSTRUCTIONS 



LOAD EFFECTIVE ADDRESS (LDEA) 

EA r 

The effective address of this in- 
struction is developed from the T,N 
fields as if to reference CM, and is 
loaded into the VPR specified by the 
R field. 



Op 


E 


T,N 


Code 


Field 


Field 


5D 


VPR 


CM 



ANALYZE EFFECTIVE ADDRESS (ANAZ) 



EA of object instruction 


-> r 


Op 


R 


2\N 


The effective address of this 


in- 


Code 


Field 


Field 


struction, developed from the T,N 


f i elds. 


5F 


VPR 


CM 


points to an object instruction in 


CM. 



The effective address of the object in- 
struction is d eveloped according to the 
T,N interpretation normally employed by 
the object instruction, and the resultant 
address is loaded into the VPR specified 
by the R field. If the object instruction 
is an immediate, then the immediate operand 
(32 bits) is loaded into the VPR. 

The result of development of the effec- 
tive address of the object instruction is as 
if the object instruction were in the loca- 
tion of the ANAZ with the following exception. 
If the object instruction is any program 
counter relative branch, then the quantity 
"(PC)" employed for development of 6 is one 
greater than it would be if the object in- 
struction were in the location of the ANAZ. 
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EST POLL BITS (POLL) 

If the tested byte = 0, 
then (PC) + 1 -> PC 

and 0 r. 

If the tested byte 0, 

then (PC) + 2 PC 

and Code r. 



Test the byte specified by the T,N 
fields for a "1" in any bit position, and 
skip if any "I's" are present. A code is 
planted in the halfword of the VPR speci- 
fied by the R field. The planted code is 
a binary representation of the bit posi- 
tion of the most significant "1" present 
in the tested byte. 



Op 


R 


T,R 


Code 


Field 


Field 


F5 


VPR 


CR 



A code of 0 results if the most 
significant bit of the tested byte 
is' a "1", and a code of 7 results 
if only the least significant bit 
of the tested byte is a "1". 



If no "Ts" are present in the tested 
byte, the next sequential instruction is 
taken, and the halfword specified by the 
’ field is cleared to zero. Indirect ad- 
jressing is undefined. 



EXECUTE CENTRAL MEMORY (EXEC) 



The instruction in the CM location 
specified by the T,N fields is executed. 

If the object instruction (the instruc- 
tion pointed to) is a branch or skip and 
the condition for branching or skipping 
is satisfied, the branch or skip will be 
taken. Note that the instruction pointed 
to may be located by direct or indirect 
addressing and may also be an EXEC to 
continue pointing. When the final object 
instruction is located, the result of its 
execution will be as if it were in the 
location of the original EXEC with the 
following exception. If the object in- 
struction is any program counter relative 
branch, then the quantity "(PC)" employed 
for development of B is one greater than 
it would be if the object instruction 
were In the location of the original EXEC. 



Op 


R 


T,N 


Code 


Field 


Field 


5C 


(not 

used) 


CM 
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LOAD VP BASE IN CR FROM VPR (LDMB) 



(a) -> r 

The three least significant bytes of 
the VPR operand specified by the T,H 
fields is entered into the three least 
significant bytes of one of the first 
eight CR's. The most significant byte 
of the recipient CR remains unchanged. 

The particular one of eight CR's addressed 
by this instruction is determined by the 
idetitity of the VP executing the instruc- 
tion. VPq loads CRqq, VP-| loads CRq-] , etc. 
The R field of the instruction is ignored. 
This instruction is exempt from the CR 
protection mechanism. 



nq OPERATION (NOP) 
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Op 


R 


T^N 


Code 


Field 


Field 


F4 


(not 

used) 


VPR 



Op 


R 


T,N 


Code 


Field 


Field 


00 


(not 


(not 




used) 


used) 




IMMEDIATE INSTRUCTIONS 



LOAD WORD IMMEDIATE (LDI) 



Immediate Operand -> r 


Op 


R 


T^N 


Code 


Field 


Field 


The immediate operand indicated by 


72 


VPR 


Immedi ate 


the T,N fields is loaded into the register 
specified by the R field. 






Operand 




62 


CR 


Immediate 








Operand 


LOAD HALFLIORD IMFCDIATE (LDHI) 




1 




IniTiediate Operand r 


Op 

Code 


R 

Field 


T^N 

Field 


The immediate halfword operand in- 


76 


VPR 


Immediate 


dicated by the T,N fields is loaded into 
the halfv/ord of the register specified 






Operand 


by the R field. 


66 


CR 


Immediate 








Operand 


LOAD BYTE IMMEDIATE (LDBI) 








Itftnediate Operand r 


Op 

Code 


R 

Field 


Tj 

Field 


The immediate byte operand indicated 


7E 


VPR 


Immediate 


by the T,N fields is loaded into the byte 
of the register indicated by the R field. 






Operand 




6E 


CR 


Immediate 








Operand 


LOGICAL OR HALFWORD IMMEDIATE (ORHI) 








Immediate Operand OR (r) r 


Op 

Code 


R 

Field 


T,R 

Field 


The immediate halfword specified by 


65 


VPR 


Immediate 


T,N field development is combined with 
the VPR halfword specified by the R field 
using the OR function. The result re- 
places the contents of the VPR 






Operand 






LOGICAL OR BYTE IMMEDIATE (ORBI) 








Immediate Operand OR (r) r 


Op 

Code 


R 

Field 


TjN 

Field 


The immediate byte specified by T,N 


67 


VPR 


Immedi ate 


field development is combined with the 
VPR byte specified by the R field using 
the OR function. The result replaces 
the contents of the VPR. 






Operand 
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LOGICAL AND HALFWORD IMMEDIATE (ANHI) 



Immediate Operand • (r) r 


cp 

Code 


R 

Field 


T,N 

Field 


The immediate halfv/ord specified 
by T,N field development is combined 
with the VPR halfword specified by 
the R field using the AND function. 
The result replaces the contents of 
the VPR. 


61 


VPR 


Immediate 

Operand 


LOGICAL AND BYTE IMMEDIATE (ANBI) 








Immediate Operand • (r) r 


Op 

Code 


R 

Field 


T^N 

Field 


The immediate byte specified by 
T,N field development is combined with 
thG VPR bytG spocifisd by th0 R ■fisld 
using the AND function. The result 
replaces the contents of the VPR. 


63 


VPR 


Immediate 

Operand 


LOGICAL EXCLUSIVE OR HALFWORD IMMEDIATE 
lEXHll ■ . 








Immediate Operand ,+: (r) r 


Op 

Code 


R 

Field 


T,N 

Field 


The immediate halfword specified 
by T,N field developme nt is combined 
with the VPR byte specified by the R 
field using the exclusive OR function. 
The result replaces the contents of 
the VPR. 


6D 


VPR 


Immediate 

Operand 


LOGICAL EXCLUSIVE OR BYTE IMMEDIATE 
(EXBI) 








Immediate Operand +; (r) -> r 


Op 

Code 


R 

Field 


T,N 

Field 


The immediate byte specified by 
T,N field development is combined 
with the VPR byte specified by the 
R field using the exclusive OR func- 
tion. The result replaces the contents 
of the VPR. 


6F 


VPR 


Immediate 

Operand 
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LOGICAL EQUIVALENCE HALFWORD li., 

Teqhi'1 



InTiiediate Ope rand 0 (r) r 


Code 






The inroediate halfword specified by 
T,N field development is combined with the 
VPR halfword specified by the R field using 
the equivalence function. The result re- 
places the contents of the VPR. 
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VPR 


'^1- 


LOGICAL EQUIVALENCE BYTE IMMEDIATE (EQBI) 








Inroediate Operand 0 (r) -> r 


Op^ 

Code 


R 

Fie id 


T^N 

Field 


The immediate byte specified by 
T,N field development is combined with 
the VPR byte specified by the R field 
using the equivalence function. The' 
result replaces the contents of the VPR. 


6B 


VPR 


Immedi ate 
Operand 


ADD WORD IMMEDIATE (ADI) 








(r) + immediate operand r 


Op 

Code 


R 

Field 


Field 


The iiranediate operand word speci- 
fied by T,N field development is added 
to the VPR word specified by the R field. 
The result replaces the contents of the 
VPR. Overflows are ignored. 
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VPR 


Immedi ate 
Operand 


ADD HALFWORD IMMEDIATE (ADHI) 








(r) + immediate operand r 


Op 

Code 


R 

Field 


Field 


The inm ediate operand halfword 
specified by T,N field development 
is added to the VPR halfword speci- 
fied by the R field. The result re- 
places the contents of the VPR. 
Overflows are ignored. 
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VPR 


Immediate 

Operand 




ADD BYTE IMMEDIATE (ADBI) 



yj \ *1- A 1 H It- u/ i « \ 1 U. i. J 


Op 


R 


T,N 


(r) + immediate operand ^ r 


Code 


Field 


Field 


The immediate operand byte specified 
by T,N field development is added to the 
VPR byte specified by the R field. The 


73 


VPR 


Immediate 

Operand 



result replaces the contents of the VPR. 
Overflows are ignored. 



SUBTRACT WORD IMMEDIATE (SUI ) 

(r) - immediate operand -i- r 



Op R T^N 

Code Field Field 



The immediate operand v/ord speci- 
fied by T,N field development ' is sub- 
tracted from the VPR v/ord specified 
by the R field. The result replaces 
the contents of the VPR. Overflows 
are ignored. 



74 VPR Immediate 

Operand 



SUBTRACT HALFlfORD IMMEDIATE (SUHI) 



(r) - immediate operand r 

The immediate operand halfword 
specified by T,N field development 
is subtracted from the VPR halfword 
specified by the R field. The result 
replaces the contents of the VPR. 
Overflows are ignored. 



Op 


R 


T,N 


Code 


Field 


Field 
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VPR 


Immediate 



Operand 



SUBTRACT BYTE IMMEDIATE (SUBI) 



(r) - immediate operand ^ r 

The immediate operand byte speci- 
fied by T,N field development is sub- 
tracted from the VPR byte specified 
by the R field. The result replaces 
the contents of the VPR. Overflows 
are ignored. 



Op 


R 


TJJ 


Code 


Field 


Field 


77 


VPR 


Immediate 



Operand 
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COMPARE WORD IMMEDIATE, SKIP IF EQUAL (CEI) 
(PC) + 2 -> PC if immediate operand = (r) 

The immediate operand v/ord speci- 
fied by the T,N field development is com- 
pared -with the operand word addressed by 
the R field. A skip is made depending 
on the result. 



Op 


R 




Code 


Field 


Field 
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VPR 


Immediate 



Operand 



COMPARE HALFWORD IMMEDIATE, SKIP IF EQUAL 
itEHI) 

Op R T,N 

(PC) + 2 -> PC if immediate operand - (r) Code Field Field 



The immediate operand halfword 79 VPR Immediate 

specified by the T,N field development is Operand 

compared with the operand halfword ad- 
dressed by the R field. A skip is made 
depending on the result. 



COMPARE BYTE IMMEDIATE, SKIP IF EQUAL (CEBI) 
(PC) + 2 PC if immediate operand = (r) 



Op R T,N 

Code Field Field 



The immediate operand byte speci- 
fied by the T,N field development is com- 
pared with the operand byte addressed 
by the R field. A skip is made depending 
on the result. 



7B VPR Immediate 

Operand 



COMPARE WORD IMMEDIATE, SKIP IF NOT 
EQUAL (CNiI 



(PC) + 2 ■> PC if immediate operand i (r) 

The immediate operand word 
specified by the T,N field development 
is compared with the operand word 
addressed by the R field. A skip is 
made depending on the result. 



Op 


F 


TjN 


Code 


Field 


Field 


7C 


VPR 


Immedi ate 



Operand 
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COMPARE HALFWORD IMMEDIATE, 

SKIP If Nof equal T cNlir) 



— — — 

(PC) + 2 ->■ PC if immediate operand f (r) 


0-p 

Code 


R 

Field 


T,N 

Field 


The im.mediate opei’and halfword 
specified by the T,N field develop- 
ment is compared with the operand half- 
v/ord addressed by the R field. A skip 
is made depending on the result. 


7D 


VPR 


Immediate 

Operand 


COMPARE BYTE IMMEDIATE , SKIP IF NOT 
EQUAL (CNBil 

(PC) + 2 PC if immediate operand f (r) 


Op 

Code 


R 

Field 


T,N 

Field 


The immediate operand byte speci- 
fied by the T,N field development is 
compared with the operand byte addressed 


7F 


VPR 


Immediate 

Operand 



by the R field. A skip is made depend- 
ing on the result. 
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SET/RESET CR BITS INSTRUCTIONS 

SET LEFT HALF (SL) 



R OR (r) r 

"l‘s" are set in those bit positions 
marked by "I's" in the R field, in the 
left half of the CR byte operand speci- 
fied by the address in the T,N fields. 
Indirect addressing is undefined. 


Op 

Code 

FA 


R 

Field 

Mask 


T,N 

Field 

CR 


SET RIGHT HALF (SR) 








R OR (r) -5- r 


Op 

Code 


R 

Field 


Field 


“I's" are set in those bit positions 
marked by "I's" in the R field, in the 
right half of the CR byte operand speci- 
fied by the address in the T,N fields. 
Indirect addressing is undefined. 


FE 


Mask 


CR 


RESET LEFT HALF (RL) 

R » (r) r 


Op 

Code 


R 

Field 


Field 


"O's" are set in those bit positions 
marked by "I's" in the R field, in the 
left half of the CR byte operand speci- 
fied by the address in the T,N fields. 
Indirect addressing is undefined. 


F2 


Mask 


CR 


RESET RIGHT HALF (RR) 

R • (r) -> r 


Op 

Code 


R 

Field 


Field 


"O's" are set in those bit positions 
marked by "I's" in the R field, in the 
right half of the CR byte operand speci- 
fied by the address in the T,M fields. 
Indirect addressing is undefined. 


F6 


Mask 


CR 




TEST CR UNDER MASK AND SKIP INSTRUCTIONS 



TEST FOR ANY 1 (TOL ) 

(PC) + 2 -> if z ' R. • (r). ’ = 1 

The left half of the byte operand 
specified by the T,N fields is tested 
for a "1" in any bit position(s) marked 
by "1‘s" in the R field. The next se- 
quential instruction is skipped if the 
test is satisfied. Indirect addressing 
is undefined. 

TE ST FOR ANY 1 (TOR) 

(PC) + 2 ^ PC if Z R^. • (r)^. ' = 1 

The right half of the byte operand 
specified by the T,N fields is tested 
-for a "1" in any bit position(s) marked 
by "I's" in the R field. The next se- 
quential instruction is skipped if the 
test is satisfied. Indirect addv'essing 
is undefined. 

TEST FOR ANY 0 (TZL) 

(PC) + 2 ^ PC if n ;R. • (r). OR R^- = 0 

The left half of the byte operand 
specified by the T,N fields is tested 
for a "0" in any bit position(s) marked 
by "I's" in the R field. The next se- 
quential instruction is skipped if the 
test is satisfied. Indirect addressing 
is undefined. 



Op ^ 


R 




Code 


Field 


Field 


CA 


Mask 


CR 



Op 


R 


T,N 


Code 


Field, 


Field 


CE 


Mask 


CR 



Op 


R 




Code 


Field 


Field 


C2 


Mask 


CR 



TEST FOR ANY 0 (TZR) 

(PC) + 2 Pt if n R.J • (r).j OR = O' 

• The right half of the byte operand 
specified by the T,N fields is tested 
for a "0" in any bit position(s) marked 
by "I's" in the R field. The next se- 
quential instruction is skipped if the 
test is satisfied. Indirect addressing 
is undefined. 



Op 


R 


T^N 


Code 


Field 


Field 


C6 


Mask 


CR 
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TEST FOR ALL 1 (TAOL) 

r ■ ' 

(PC) + 2 -> PC if n 1 R. • (r) OR R“- ' = 1 

1 ' * 


Op 

Code 


E 

Field 


TJl 

Field 


The left half of the byte operand 
specified by the T,N fields is tested 
for all "I's" in bit positions marked 
by "l*s" in the R field. The next se-’, 
quential instruction is skipped if the 
test is satisfied. Indirect addressing 
is undefined. 


EA 


Mask 


CR 


TEST FOR ALL 1 (TAOR) 

(PC) + 2 -> PC if n j R. - (r) OR ' = 1 

J j 


Op 

Code 


E 

Field 


T,N 

Field 


The right half of the byte operand 
specified by the T,N fields is tested 
for all "I's" in bit positions marked 
by "I's" in the R field. The next se- 
quential instruction is skipped if the 
test is satisfied. Indirect addressing 
ts undefined. 


EE 


Mask 


CR 



TEST FOR ALL 0 (TAZL) 






T,N 


r ' : 

(PC) + 2 PC if Z j R. • (r). ; = 0 


Op 


E 


Code 


Field 


Field 


The left half of the byte operand 
specified by the T,N fields is tested 
for all "O's" in bit positions marked 
by "I's" in the R field. The next se- 
quential instruction is skipped if the 
test is satisfied. Indirect addressing 
is undefined. 


E2 


Mask 


CR 


TEST FOR ALL 0 (TAZR) 


Op 


E 


T^N 


r ■ '! 

(PC) + 2 -> PC if E p. • (r). ‘ = 0 


Code 


Field 


Field 


The right half of the byte operand 
specified by the T,N fields is tested 
for all "O's" in bit positions marked 
by "I's" in the R field. The next se- 
quential instructi on is skipped if the 
test is satisfied. Indirect addressing 
is undefined. 


E6 


Mask 


CR 
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SHIFT INSTRUCTIONS 



"" 5 * i l.Q GICAL (SHL) 

The contents of the VP specified by 
t'.i [; field are shifted the number of bit 
positions specified by the immediate op- 
erand. The six LSB's of the immediate 
operand are treated as a signed number with 
[^'native values represented in 2's comple- 
r.ent forn;. Positive values result in left 
shifts and negative values result in right 
shifts. Shift range: +31 to -32. "O's" 

arc shifted into the vacated portion of 
the VPR. Indirect addressing is undefined. 

S HIFT ARITHMETIC (SHA) 

The contents of the VPR specified by 
the R field are shifted the number of bit 
positions specified by the immediate operand. 
The six LSB's of the immediate operand are 
treated as a signed number with negative 
values represented in 2's complement form. 
Positive values result in left shifts and 
negative values result in right shifts. 

Shift range: +31 to -32. Left shifts are 
identical to left logical shifts. For 
right shifts, the most significant bit 
position remains unchanged and is shifted 
into the vacated portions of the VPR. 

Indirect addressing is undefined. 

SHIFT CYCLIC (SHC) 



The contents of the VPR specified 
by the R field are shifted tiie riumbbi 
of bit positions specified by the immediate 
operand. The six LSB's of the immediate 
operand are treated as a signed number 
with the negative values represented in 2's 
complement form. Positive values result in 
left shifts and negative values result in 
right shifts. Shift range: +31 to -32. 

With both right and left shifts, bits are 
shifted into one end of the VPR as they 
exit from the other end. Indirect address- 
ing is undefined. 



Op 



Cocl^. 
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Op 

Code 

60 



-Op 

Code 

6C 



i? 

Field 

VPR 



E 

Field 

VPR 



R 

Field 

VPR 



T,N 

Field 

Immediate 

Operand 



T,N 

Field 

Immedi ate 
Operand 



T^N 

Field 

Immedi ate 
Operand 
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TEST AND SET INSTRUCTIONS 



TEST FOR ANY 0, SET AND SKIP (TSZL) 



R OR (r) r 



(PC) 



+ 2 -V PC if TT 




_ ““ 

(r) OR 



- 0 



Test the left half of the byte operand 
specified by the T,N fields for a "0*' in 
any position(s) marked by "l‘s" in the R 
field; skip the next sequential instruction 
if the test is satisfied. Independent of 
the test result, set "I's" into those posi- 
tions marked by the R field. Indirect 
addressing is undefined. 



Op 


R 




Code 


Field 


Field 


D2 


Mask 


CR 



TEST FOR ANY 1 , SET AND SKIP (TSOI) 



R OR (r) ^ r 



(PC) + 2 PC if s 





1 



Test the left half of the byte 
operand specified by the T,N fields 
for a "1" in any position(s) marked 
by "I's" in the R field; skip the 
next sequential instruction if the 
test is satisfied. Independent of 
the test result, set "I's" into those 
positions marked by the R field. In- 
direct addressing is undefined. 



Op 


R 


TJ 


Code 


Field 


Field 


DA 


Mask 


CR 



TEST FOR ANY 0, RESET AND SKIP (TRZL) 



R • (r) -5- r 

(PC) + 2 PC if ir Fr. • (r)^. OR R. = 0 

L-. 



Test the left half of the byte 
operand specified by the T,N fields 
for a "0" in any position(s) marked 
by "I's" in the R field; skip the 
next sequential instruction if the 
test is satisfied. Independent of 
the test result, set "O's" into those 
positions marked by the R field. In- 
direct addressing is undefined. 



Op 


R 


T,N 


Code 


Field 


Field 


92 


Mask 


CR 
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TEST FOR ANY 1, RESET AND SKIP (TROL) 



R ' (r) r 



s 

(PC.) + 2 ^ PC if E I R. • (r). , = 1 

L. 'J 



V* ‘ ‘ ‘'-j ^ ' i r 


Op 


R 


T^N 


Test the left half of the byte 


Code 


Field 


Field 


operand specified by the T,N fields 
for a "1" in any position(s) marked 


9A 


Mask 


CR 



by "Ts" in the R field; skip the 
next sequentisl instruction if the 
test is satisfied. Independent of 
the test result, set "0‘s" into those 
positions marked by the R field. In- 
direct addressing is undefiirJ. 



TEST FOR ANY 0, SET AND SKIP (TSZR) 



R OR (r) -> r 

(PC) + 2 ^ PC if TT |r^ • (r). OR R. = 0 

w.- - ^ 

Test the right half of the byte 
operand specified by the T,N fields 
for a "0" in any position(s) marked 
by "Ts" in the R field; skip the 
next sequential instruction if -the 
test is satisfied. Independent of 
the test result, set "Ts" into those 
positions marked by the R field. In- 
dij'ect addressing is undefined. 



Op 


R 


T,N 


Code 


Field 


Field 


D6 


Mask 


CR 



TEST FOR ANY 1, SET AND SKIP (TSOR) 



R OR (r) -> r 

(PC) + 2 PC if E ‘ R^. 




Test the right half of the byte 
operand specified by the T,N fields 
for a "1" in any position(s) marked 
by "Ts" in the R field; skip the 
next sequential instruction if the 
test is satisfied. Independent of 
the test result, set "Ts" into those 
positions marked by the R field. In- 
direct addressing is undefined. 



Op 


R 


T^N 


Code 


Field 


Field 


DE 


Mask 


CR 
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TEST FOR ANY 0, RESET AND SKIP (TRZR) 



R • (r) -> r 
(PC) + 2 PC if TT 



1 



Ri • (r)^ OR R.J = 0 



Test the right half of the byte 
operand specified by the T,N fields 
for a '’’O" in any position(s) marked 
by "Ts" in the R field; skip the 
next sequential instruction if the 
test is satisfied. Independent of 
the test result, set "O's" into those 
positions marked by the R field. In- 
direct addressing is undefined. 



TEST FOR ANY 1 , RESET AND SKIP (TROR) 



R * (r) ->■ r 



(PC) 



+ 2 -> PC if E 




Test the right half of the byte 
operand specified by the T,N fields 
for a "1" in any position(s) marked 
by "Ts" in the R field; skip the 
next sequential instruction if the 
test is satisfied. Independent of 
the test result, set "O's" into those 
positions marked by the R field. In- 
direct addressing is undefined. 



Op 


R 


T,N 


Code 


Field 


Field 


96 


Mask 


CR, 



Op ■ 


R 


T,N 


Code 


Field 


Field 


9E 


Mask 


CR 
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ARITHMETIC TEST INSTRUCTIONS 



, j£ST WHOLE FOR ZERO, BRANCH (TZ) 
e ^ PC if (r) = 0 

Test the contents of the whole 
word specified by the R field and 
branch to the memory location speci- 
fied by the T,N fields if the test 
condition is satisfied. 



TEST HALF FOR = ZERO, BRANCH (TZH) 

B PC if (r) =0 

Test the contents of the half 
word specified by the R field and 
branch to the memory location speci- 
fied by the T,N fields if the test 
condition is satisfied. 



Op 


R 


T,N 




Code 


Field 


Field 




BO 


VPR 


6, PC 


Rel 


AO 


CR 


B, PC 


Rel 






Op 


R 


T^N 




Code 


Field 


Field 




B1 


VPR 


6, PC 


Rel 


A1 


CR 


B, PC 


Rel 



TEST BYTE FOR = ZERO, BRANCH (TZB) 


Op 


R 


T,N 




B -»• PC if (r) = 0 


Code 


Fie Id 


Field 




Test the contents of the byte 


B3 


VPR 


PC 


Rel 


specified by the R field and branch 
to the memory location specified by 


A3 


CR 


B, PC 


Rel 



the T,N fields if the test condition 
is satisfied. 
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TEST WHOLE FOR f ZERO, BRAN C H (TN ) 



B PC if (r) i 0 

Test the contents of the whole word 


Op 

Code 


B 

_ Field 


T^N 

Field 




specified by the R field and branch to 
the memory location specified by the 


B4 


VPR 


3, PC 


Rel 


T,N fields if the test condition is 
satisfied. 


A4 


CR 


3, PC 


Rel 


TEST HALF FOR f ZERO, BRANCH (TNH) 


3->PC if (r) i 0 
Test the contents of the halfv;ord 


Op 

Code 


R 

Field 


T,N 

Field 




specified by the R field end branch to 
the memory location specified by the 


B5 


VPR 


3, PC 


Rel 


T,N fields if the test condition is 
satisfied. 


A5 


CR 


3, PC 


Rel 


TEST BYTE FOR i ZERO, BRANCH (TNB) ' 


3 ->■ PC if (r) 0 


Op 


R 






Test the contents of the byte’ 


Code 


Field 


Field 




specified by the R field and branch 
to the memory location specified by 


B7 


VPR 


3, PC 


Rel 


the T,N fields if the test condition 
is satisfied. 


A7 


CR 


3, PC 


Rel 


TEST WHOLE FOR - ZERO, BRANCH (TP) 


6 PC if (r) - 0 
Test the contents of the whole 


Op 

Code 


R 

Field 


T,N 

Field 




word specified by the R field and branch 
to the memory location specified by the 


B8 


VPR 


3. PC 


Rel 


T,N fields if the test condition is 
satisfied. 


A8 


CR 


3, PC 


Rel 
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TEST HALF FOR - ZERO, BRANCH (TPH) 



B PC if (r) - 0 




Op 


E 


T^N 








Code 


Field 


Field 




Test the contents of the 


half- 










word specified by the R field 


and 


B9 


VPR 


B, PC 


Rel 


branch to the memory location 


spaci- 










fied by the T,R fields if the 
condition is satisfied. 


test 


A9 


CR 


B^, PC 


Rel 



Op E T,E 

Code Field Field 

BB VPR 3, PC Rel 

AB CR g, PC Rel 



TEST WHOLE FOR < ZERO, BRANCH (TM) 

B PC if (r) < 0 Op E 

Code Field 

Test the contents of the whole 
word specified by the R field and BC VPR 

branch to the memory location speci- 
fied by the T,N fields if the test AC CR 

condition is satisfied. 



Op E T,N 

Cods Field Field 

BD VPR B. PC Rel 

AD CR B, PC Rel 



TEST HALF FOR < ZERO, BRANCH (TMH) 

B -»■ PC if (r) <0 

Test the contents of the halfword 
specified by the R field and branch to 
the memory location specified by the 
T,N fields if the test condition is 
satisfied. 



T,N 

Field 

B, PC Rel 

B, PC Rel 



TEST BYTE FOR - ZERO, BRANCH (TPB) 

B PC if (r) - 0 

Test the contents of the byte 
specified by the R field and branch 
to the memory location specified by 
the T,N fields if the test condition 
is satisfied. 
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TEST BYTE FOR < ZERO, BRANCH (TMB) 



3 PC if (r) < 0 


Op 


R 


T„N 


Test the contents of the byte 


Code 


Field 


Field 


specified by the R field and branch 
to the memory location specified by 


BF 


VPR 


3, PC Rel 


the T,N fields if the test condi ti on 
is satisfied. 


AF 


CR 


3, PC Rel 
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INDEX HODIFY AND BRANCH INSTRUCTIONS 



INCREMENT VPR BY 1, BRANCH IF RESULT = 0 

TTBZr ~ 

(r) + 1 r, B PC if (r) + 1 = 0 

The VPR halfword specified by the 
R field is incremented by 1 and the re- 
sult replaces the contents of the VPR 
halfword. If the result is zero, a 
branch is taken to the location speci- 
fied by the T,N fields. 



Op R T,R 

Code Field Field 

B2 VPR I, PC Rel 



INCREMENT VPR BY 1, BRANCH IF RESULT ^ 0 
1 1 BN] 

(r) + 1 -> r, B -> PC if (r) + 1 0 op R T,R 

Code Field Field 

The VPR halfword specified by the 

R field is incremented by 1 and the B6 VPR Bj PC Rel 

result replaces the contents of the 
VPR halfword. If the result is non 
zero, a branch is taken to the loca- 
tion specified by the T,N fields. 



DECREMENT VPR BY 1, BRANCH IF RESULT = 0 
TDBZ] 



(r) - 1 r, B PC if (r) - 1 = 0 op R T,N 

Code Field Field 

The VPR halfword specified by the 

R field is decremented by 1 and the BA VPR B, PC Rel 

result replaces the contents of the 
VPR halfv/ord. If the result is zero, 
a branch is taken to the location 
specified by the T,N fields. 



DECREMENT VPR BY 1, BRANCH IF RESULT i 0 

TdbnT 



(r) - 1 -> r, B PC if (r) - 1 0 


Op 


R 


T^N 


The VPP halfword specified by the 
R field is decremented by 1 and the 


Code 


Field 


Field 


BE 


VPR 


B, PC Rel 



result replaces the contents of the 
VPR halfword. If the result is non 
zero, a branch is taken to the location 
specified by the T,N fields. 
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BRANCH, PC RELATIVE SAVE PC (BPCS) 



BRANCH UNCONDITIONAL INSTRUCTIONS 



(PC) + 1 -> r, 8 -> PC 

The (PC) + 1 is saved in the VPR 
specified by the R field. The most 
significant bit of the VPR is loaded 
to indicate from v^hich memory the 
instt'uction string is currently being 
accessed. A "1" indicates CM, and a 
"0" indicates ROM. g replaces the 
contents of the PC. 



Op R T^N 

Code Field Field 

AE VPR B, PC Rel 



BRANCH TO CM, BASE RELATIVE SAVE PC (BCS) 

(PC) + W r, B •»- PC 

The (PC) +1 is saved in the VPR 
specified by the R field. The most 
significant bit of the VPR is loaded 
to indicate from which memory the 
instruction string is currently being 
accessed. A "1" indicates CM, and a 
"0“ indicates ROM. b replaces the 
contents of the PC. 



Op R T,F 

Code Field Field 

12 VPR 6, Base Rel 



BRANCH TO ROM, SAVE PC (BRS) 

(PC) + !-> r, B '> PC 

The (PC) + 1 is saved in the VPR 
specified by the R field. The most 
significant bit of the VPR is loaded 
to indicate from which memory the 
instruction string is currently being 
accessed. A "1" indicates CM, and a 
"O'* indicates ROM. b replaces the 
contents of the PC. 



Op R T^N 

Code Field Field 

46 VPR '' B, ROM 



BRANCH TO CM, ABSOLUTE, SAVE PC (BCAS) 

(PC) + 1 r, B PC 

The (PC) + 1 is saved in the VPR 
specified by the R field. The most 
significant bit of the VPR is loaded 
to indicate from which memory the 
instruction string is currently bei ng 
accessed. A "1" indicates CM, and a 
”0'* indicates ROM. b replaces the 
contents of the PC. 



Op 


R 


T^N 


Code 


Field 


Field 


52 


VPR 


B, Absolute 



48 




BR.ANCH, 


PC RELATIVE 


(BPC) 


Op _ 


R 


TyN 










Code 


Field 


Field 






e PC 


















5A 


(not used) 


6, PC 


Rel 




replaces the 


contents 










of the 


PC. 




5E 


(not used) 


3, PC 


Rel 



BRANCH TO ROM (BR) 


Op 


R 


T,N 


3 PC 


Code 


Field 


Field 


6 replaces the contents 
of the PC. 


42 


(not used) 


B, ROM 



BRANCH TO CM, BASE RELATIVE (BC) 


Op 


R 


TyN 






Code 


Field 


Field 




6 PC 












02 


(not used) 


3, Base 


Rel 


3 replaces the contents 










of the PC. 


32 


(not used) 


3, Base 


Rel 



BRANCH TO CM, ABSOLUTE (BCA) 


Op 

Code 


R 

Field 


TyN 

Field 


3 PC 


4A 


(not used) 


3 , Absolute 


3 replaces the contents 
of the PC, 


4E 


(not used) 


B, Absolute 



Branch Unconditional 49 
Section C4 




BRANCH TO ROM, STORE PC (BRSH) 

(PC) + 1 fixed CM location 
a ^ PC 

The (PC) + 1 is stored into one 
of eight CM locations depending bn 
the identity of the VP executing the 
instruction. The most significant 
bit of tfic CM location is modified 
to indicate from which memory the 
instruction string is currently 
being accessed. A "1" indicates 
CM, and a "0" indicates ROM. The 
eight CM locations are contiguous 
and begin at 2 O 15 . B replaces the 
contents of the ’’C, T nd"’ rect 
ciudi assing is undefined. 



Op 


R 


Code 


Field 


56 


(not used) 



T,N 

Field 

6 , ROM 
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VP FLAG INSTRUCTIONS 



SET VP FLAG (VPS) 

A flag bit is set in the CR byte 
specified by the T,N fields. The 
position of the bit within the byte 
is determined by the number of the 
VP executing the instruction. 

Indirect addressing is undefined. 



RESET VP FLAG (VPR) 

A flag bit is reset in the CR 
byte specified by the T^N fields. 
The position of the bit within 
the byte is determined by the 
number of the VP executing the 
instruction, indirect address- 
ing is undefined. 



TEST CR FOR 1 AND SKIP IF = 1 (VPTO) 

' (PC) + 2 -> PC, if flag = 1 

A flag bit in the CR byte speci- 
fied by the T,N fields is tested for 
"1". The position of the bit within 
the byte is determined by the number 
of the VP executing the instruction. 

A skip is taken if the test condition 
is satisfied. Indirect addressing is 
undefined. 



TEST CR FOR 0 AND SKIP IF = 0 (VPTZ) 

(PC) + 2 PC, if flag = 0 

A flag bit in the CR byte speci- 
fied by the T,N fields is tested for 
“O". The position of the bit within 
the byte is determined by the number 
of the VP executing the instruction. 

A skip is taken if the test condition 
is satisfied. Indirect addressing is 
undefined. 



Op 

Code 


R 

Field 


T,N 

Field 


86 


(not used) 


CR 


Op 

Code 


R 

Field 


TJJ 

Field 


82 


(not used) 


CR 


Op 

Code 


R 

Field 


T,N 

Field 


8E 


(not used) 


CR 



Op 


R 


T,N 


Code 


Field 


Field 


8A 


(not used) 


CR 
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5/69 



SEQUENTIAL INDEX OF INSTRUCTIONS 



MNEM 




OP 


PAGE 


CEDE 


INSTRUCT IGIM 


CODE 




ST 


STORE NO FRCP. VPR TG CN 


14 


il ' ' 


ST 


STORE AUG \xD FROM VPR TO CK 


1C 


11 


ST 


STORE HD FROM VPR TG VPR 


90 


11 


ST 


STORE WD FROM VPR TO CR 


98 


11 


ST 


STORE HD FROM CR TO CP 


10 


ll 


ST 


STORE AUG ViD FRCP CR TG CP 


18 


li 


ST 


STORE WD FROM CR TO VPR 


94 


ll 


ST 


STORE WD FRCM CR TO CR 


% 


11 


STA 


STORE AUG WD FRCP VPR TC CP ABS 


16 


ll 


STA 


STORE WD FRCM VPR TO CP ABS 


16 


ll 


STH 


STORE Hk FRCP VPR TC VPR 


91 


ll 


STH 


STORE Hk FRCP VPR TC CR 


99 


ll 


STH 


STORE Hk FROM CR TO VPR 


95 


U 


STH 


STORE HW FROM CR TO CR 


90 


ll 


STB 


STORE 8 FROM VPR TO VPR 


93 


11 


STB 


STORE B FROM VPR TO CR 


98 


ll 


STB 


STORE B FROM CR TG VPR 


97 


ll 


STB 


STORE B FRCP CR TC CR 


9F 


ll 


STL 


STORE LH FRCM VPR TC CP 


15 


ll 


STL 


STORE AUG LH CF CP FROM VPR(L OR R HALF ) 


10 


ll 


STL 


STORE CP LH FROM CR 


li 


ll 


STL 


STORE AUG CP LH FROM CR 


19 


il 


STR 


STORE CP RH FROM VPR 


i? 


ll 


STR 


STORE AUG CP RH FROM VPR 


IF 


ll 


STR 


STORE CP RH FROM CR 


13 


11 


STR 


STORE AUG CM RH FROM CR 


IB 


ll 


STF 


STORE FILE FRCM VPR INTO AUG CM 


lA 


12 


STF 


STORE FILE FRCM VPR INTO CM 


2A 


12 


LO 


LCAC WD TC VPR FROM CP 


04 


13 


LD 


LCAD AUG WD TC VPR FRCP CP 


OC 


13 


LD 


LCAO WD TC VPR FROM VPR 


80 


13 


LO 


LCAD WD FRCM CR TG VPR 


88 


13 


LD 


LCAD WD FROM CM TC CR 


38 


13 


LD 


LCAD AUG WO TC CR FRCP CM 


08 


13 


LO 


LCAD WO FRCM VPR TO CR 


84 


13 


LO 


LCAD WD FRCP CR TC CR 


8C 


13 


LOA 


LCAD AUG WO TC VPR FRCM CP 


OE 


13 


LDA 


LCAO WD TC VPR FROM CP ABS 


06 


13 


LOH 


LCAC HW FROM VPR TO VPR 


81 


13 


LDH 


LCAC HW FRCP. CR TC VPR 


89 


13 


LOH 


LCAD HW FROM VPR TO CR 


85 


13 


LDH 


LCAC HW FROM CR TC CR 


80 


13 


LOB 


LCAC B FRCM VPR TG VPR 


83 


13 


LOB 


LCAD B FRCM CR TO VPR 


8B 


13 


LOB 


LCAD 8 FRCM VPR TO CR 


87 


13 


LOB 


LCAC B FRCP CR TO CR 


8F 


13 


LOL 


LCAD LH FRCP CM TC VPR 


05 


13 


LOL 


LCAD AUG LH FROM CM TC VPR 


OD 


13 


LOL 


LCAD LH FROM CM TO CR 


39 


13 


LOL 


LCAC AUG LH FROM CM TC CR 


09 


13 


LOR 


LCAO RH FROM CM TC VPR 


07 


14 


LOR 


LCAC AUG RH FROM CM TO VPR 


OF 


14 


LOR 


LCAC RH FROM CM TC CR 


3B 


14 
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SEQUENTIAL INDEX (CONTINUED) 



HNTM 




OP 


PAGE 


CCDE 


INSTRUCT ICN 


CODE 


NO, 


"ToTf 


LCAC AUG RH FROM CH TO CR 


OB 


1.4“ 


LDF 


LCAD file from CM AUG INTC VPR 


OA 


14 


LDF 


LCAO FILE FRCK CM INTC VPR 


3A 


14 


AD 


ACC W IN CM TC VPR 


50 


15 


AO 


■ ACU K IN VPR TC VPR 


DC 


15 


A OH 


ACO HW IN VPR TC VPR 


Cl 


15 


ADB 


ACD B IN VPR m VPR 


03 


15 


ADL 


ACO LH IN CM TG VPR •. 


51 


15 


AOR 


ACO RH IN CM TO VPR 


53 


16 


SU 


SIBI Vv IN CM FROM VPR 


54 


16 


SU 


SCHT W IN VPR FROM VPR 


D4 


16 


SUM 


SLBT hW IN VPR FRCM VPR 


05 


16 


SUB 


SCBT 8 IN VPR FROM VPR 


D7 


16 


SUL 


SUBT LH IN CM FROM. VPR 


55 


16 


SUR 


SIBT RH IN CM FROM VPR 


57 


17 


CR 


OR LOGICAL IN CM TC VPR 


44 


18 


CR 


OR logical W in VPR TC VPR 


C4 


18 


CR 


OP LOGICAL W IN CR TC VPR 


E4 


18 


CRH 


OR LCGICAL FiN IN VPR :C VPR 


C5 


18 


CRH 


OR LCGICAL hU IN CR TC VPR 


E5 


18 


CRB 


OP logical B in VPR TO VPR 


C7 


18 


CRB 


OP LCGICAL e IN CR TC VPR 


E7 


18 


CRL 


OR LCGICAL LH IN CM TC VPR 


45 


18 


CRR 


CP LCGICAL Rh IN CM TO VPR 


47 


18 


AN 


AND LCGICAL k IN CM TC VPR 


40 


19 


AN 


AND LCGICAL W IN VPR TC VPR 


CO 


19 


AN 


FND LCGICAL W IN CR TO. VPR 


EC 


19 


ANH 


ANC logical him IN VPR TC VPR 


Cl 


19 


ANH 


AND LCGICAL Hi, IN CR TC VPR 


El 


19 


AN8 


AND LCGICAL B IN VPR TC VPR 


C3 


19 


AND 


AND LCGICAL B IN CR TO VPR 


E3 


19 


ANL 


AND LCGICAL LH IN CM TC VPR 


41 


19 


ANR 


and LOGICAL RH IN CM TC VPR 


43 


19 


EX 


EXCLUSIVE CR i, IN CM TC VPR 


4C 


2C 


EX 


EXCLUSIVE CR V, IN VPR TO VPR 


CC 


20 


EX 


EXCLUSIVE CR V, IN CR TC VPR 


EC 


20 


EXH 


EXCLUSIVE CR FW IN VPR TO VPR 


CD 


20 


EXH 


EXCLUSIVE CR FW IN CR TC VPR 


ED 


20 


EX8 


EXCLLSIVE CR E IN VPR TC VPR 


CF 


20 


EX8 


EXCLUSIVE CR E IN CR TC VPR 


EF 


20 


EXL 


EXCLUSIVE CR LH CM TC VPR 


40 


2C 


EXR 


EXCLUSIVE CR RH CM TC VPR 


4F 


20. 


EQ 


LCGICAL ECUIVALENCE W CM TC VPR 


48 


21 


EQ 


LCGICAL ECUIVALENCE N VPR TC VPR 


C8 


21 


EO 


LCGICAL ECUIVALENCE W CR TC VPR 


E8 


21 


EOH 


LCGICAL ECCIVALENCE Hi, VPR TC VPR 


C9 


21 


EQH 


logical ECUIVALENCE HU CR TO VPR 


E9 


21 


ECB 


LCGICAL ECUIVALENCE B VPR TO VPR 


C8 


21 


EQB 


LCGICAL" ECUIVALENCE 6 CR TO VPR 


EB 


21 


EOL 


LCGICAL ECUIVALENCE LH CM TC VPR 


49 


21 


EUR 


logical ECUIVALENCE Rh CM TO VPR 


48 


22 


CE 


'"CMPARE W CM TC VPK, S IE 


30 


23 


CE 


CCMPARE W VPR rC VPR, SIE 


D8 


23 
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SEQUENTIAL INDEX (CONTINUED) 



HNEH 






OP 


PAGE 


CODE 




INSTRLCTICN 


CODE 


N0« 


ce' 


COMPARE 


W CR TO VPR, SIE 


r-8 


23 


CEH 


nCMPARE 


HW VPR TO VPR, SIE 


D9 


23 


CEH 


COMPARE 


HW CR TC VPR, SIE 


F9 


23 


CEB 


COMPARE 


B VPR TC VPR, SIE 


CB 


23 


CEB 


CCMFARE 


B CR TO VPR, SIE 


F8 


23 


CEL 


CCMPARE 


LE CM TC VPR, SIE 


31. 


23 


CER 


CCMPARE 


RH CM, TC VPR, SIE ' 


33 


23 


CN 


COMPARE 


W CM TO VPR, SINE 


3A 


23 


CN 


COMPARE 


W VPR TC VPR, SINE 


JDC 


23 


CN 


CCMPARE 


W CR TO VPR, SINE 


FC 


23 


CNH 


CCMPARE 


Hh VPR TO VPR, SINE 


DO 


2A 


CNH 


CCMPARE 


HW Cr^ TO VPR, SINE 


ED 


2^ 


CNB 


CCMPARE 


B VPR TC VPR, SINE 


DF 


24 


CN8 


COMPARE 


6 CR TO VPR, SINE 


FF 


24 


CNL 


CCMPARE 


LH CM TO VPR, SINE 


35 


24 


CNR 


COMPARE 


RH CM TO VPR, SINE 


37 


24 


PUSH 


PUSH INTO STACK 


58 


25 


PULL 


PULL FROM STACK 


59 


26 


POO 


MCD STACK 


5B 


26 


LDEA 


LCAC EFFECTIVE ADDRESS 


50 


27 


ANAZ 


ANALYZE 


CM 


5F 


27 


POLL 


POLL CR 


C SET VPR 


F5 


28 


EXEC 


EXECUTE 


CM 


5C 


28 


LOWS 


LOAD VP 


BASE FROM VPR TC CR 


F4 


29 


NOP 


NO CPERATICN 


00 


29 


LDI 


LCAC IMMEC, W INTO VPR 


72 


3C 


LDI 


LCAC IMMEC U INTO CR 


62 


30 


LDHI 


LOAD IMMEC HW INTO VPR 


76 


30 


LOHI 


LCAC IMMEC HW INTO CR 


66 


30 


LDBI 


LCAC IMMEC B INTO VPR 


7E 


30 


LDBI 


LOAD IMMED B INTO CR 


6E 


30 


CRHI 


OP LOGICAL IMMEC HW TO VPR 


65 


30 


CRBI 


OP LOGICAL IMMEC B TO VPR 


67 


30 


ANHI 


AND LCGICAL IMMED HW TO VPR 


61 


31 


ANBI 


AND LOGICAL IMMED B TO VPR 


63 


31 


EXHI 


EXCLUSIVE CR IMMEC HW TO VPR 


6D 


31 


EXBI 


EXCLUSIVE OR IMMEC E TO VPR 


6F 


31 


EQHI 


LCGICAL 


ECUIVALENCE IMMED HW TO VPR 


69 


32 


EQBI 


logical 


ECUIVALENCE IMMED 8 TO VPR 


6B 


32 


ADI 


ACD IMMED W TC VPR 


70 


32 


AOHI 


ACD IMMED HW TO VPR 


71 


32 


ADBI 


ACD IMMED E TC VPR 


73 


33 


SUI 


SUBT IMMEC W FROM VPR 


7A 


33 


SUHI 


SLBT IMMEC HW FROM VPR 


75 


33 


SUBI 


SUBT IMMEC B FROM VPR 


77 


33 


CEI 


CCMPARE 


IMMEC W WITH VPR, SIE 


78 


34 


CEHI 


CCMPARE 


IMMED HW WITH VPR, SIE 


79 


34 


CEBl 


CCMPARE 


IMMED 3 WITH VPR, SIE 


7B 


34 


CNI 


CCMPARE 


IMMEC W WITH VPR, SINE 


7C 


34 


CNHI 


CCMPARE 


IMMEC HW WITH VPR, SINE 


70 


35 


CNBI 


COMPARE 


IMMED B WITH VPR, SINE 


7F 


35 


SL 


SET BUS 


: IN CR, LH 


FA 


36 


SR 


SET BITS 


IN CR, RH 


FE 


36 
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SEQUENTIAL INDEX (CONTINUED) 



HKEM 










OP 


PAGE 


€CDE 




INSTRUCT ICN 






CODE 


NO. 


" RL 


RPSET 


BITS IN CK, LH 






F2 


36 


RR 


R«=SE 1 


BITS IN CR, R(i 






F6 


36 


TOL 


TEST 


UNDER MASK IN CR 


FOR ANY 1 LH 


G SKIP 


CA 


37 


TOR 


TEST 


UNDER MASK IN CR 


FGR ANY 1 RH 


S SKIP 


CE 


37 


T2L 


TEST 


CNDER MASK IN CR 


FCR ANY 0 LH 


G SKIP 


C2 


37 


TZR 


TEST 


UNDER MASK IN CR 


FCR ANY 0 RH 


G SKIP 


C6 


37 


TAOL 


TEST 


UNDER MASK IN CR 


FCR all 1 Lh 


G SKIP 


EA 


38 


1 AOR 


TEST 


UNDER MASK IN CR 


FCR ALL 1 RH 


G SKIP 


EE 


38 


TAZL 


TEST 


CNDER MASK IN CR 


FCR ALL 0 LI- 


G SKIP 


I 2 


38 


TAZR 


TEST 


UNDER MASK IN CR 


FCR ALL 0 RH 


G SKIP 


E6 


38 


SHL 


SHIFT 


LCGICAL W 






6 A 


39 


SHA 


SH I F T 


ARITH N 






60 


39 


SHC 


SHIFT 


CYCLIC W 






6C 


39 


TSZL 


TFST 


FCR any C IN CR 


LH SET e SKIP 




D2 


AC 


TSOI 


TEST 


FGR ANY 1 IN CR 


LH SET 




DA 


AC 


FRZL 


TEST 


FOR ANY C IN CR 


LH RESET 




92 


AC 


TROL . 


TEST 


FCR ANY 1 IN CR 


LH RESET 




9A 


Al 


TSZR 


TEST 


FCR any C in CR 


p N r r 




D 6 


Al 


TSOR 


TEST 


FCR ANY 1 IN CR 


RH StT 




DE 


Al 


TRZR 


TFST 


FOR ANY C IN CR 


RH RESET 




96 


42 


TROR 


TEST 


FCR ANY 1 IN CR 


RH RESET 




9E 


42 


TZ 


TEST 


V, ARITh, branch 


IF VPR EC 0 




BO 


43 


TZ 


TEST 


K ARITH, BRANCH 


IF CR CQ 0 




AO 


43 


TZH 


TEST 


HN ARITH, BRANCH 


IF VPR EQ 0 




B1 


43 


TZH 


TEST 


h N ARITH, BRANCH 


IF CR EC 0 




Al 


43 


TZB 


TEST 


B ARITH, BRANCH 


IF VPR EQ 0 




B3 


43 


TZB 


TEST 


E ARITH, HRANC:- 


IF CR EO 0 




A3 


43 


TN 


TEST 


L ARITh, BRANCH 


IE VPR NEQ 0 




BA 


44 


TN 


TEST 


W ARITH, BRANCH 


IF CR NEC 0 




AA 


44 


TNH 


TEST 


Hw ARITH, BRANCH 


IF VPR NEC C 




B5 


44 


TNH 


TEST 


HW ARITH, BRANCH 


IF CR NEQ 0 




A5 


44 


TNB 


TFST 


B ARITH, BRANCH 


IF VPR NEQ 0 




B7 


44 


TNB 


TFST 


B ARITH, BRANCH 


IF CR NEC 0 




A7 


44 


TP 


TFST 


W ARITH, BRANCH 


IF VPR GU CR 


EQ 0 


B8 


44 


TP 


TFST 


Vv ARITH, BRANCH 


IF CR GR UR EG 


0 


A8 


44 


TPH 


TFST 


HW ARITH, BRANCH 


IF V'PR GR CR 


EQ 0 


B9 


45 


TPH 


TFST 


HW ARITH, BRANCH 


IF CR GR OR EQ C 


A9 


45 


TP8 


TEST 


6 ARITH, BRANCH 


IF VPR GR CR EQ 0 


BB 


45 


TP8 


TEST 


B ARITH, BRANCH 


IF CR GR OR EQ 


0 


AB 


45 


TM 


TEST 


W ARITh, BRANCH 


IF VPR LS 0 




BC 


45 


TK 


TEST 


W ARITH, BRANCH 


IF CR LS 0 




AC 


45 


TKH 


TFST 


HW ARITH, branch 


IF VPR LS 0 




BD 


45 


TMH 


TEST 


HW ARITH, BRANCH 


IF CR LS 0 




AO 


45 


THB 


TFST 


B ARITh, BRANCH 


IF VPR LS 0 




BF 


46 


TMB 


TEST 


8 ARITh, BRANCH 


IF CR LS 0 




AF 


46 


IBZ 


I NCR 


VPR BY 1, BRANCH 


IF RESULT EC 


0 


82 


47 


IBN 


INCR 


VhR by 1, BRANCH 


IF RESULT NEQ 


0 


B6 


47 


OBZ 


DECR 


VPR BY 1, BRANCH 


IF RESULT EC 


0 


BA 


47 


CBN 


OECR 


VPR BY 1 , BRANCH 


IF RESULT NEC 


0 


BE 


47 


BPCS 


FRANCh UNCCNCIT TC REL PC, SAVE PC 


IN VPR 


AE 


48 


BCS 


FRANCH UNCCNCIT TC CP 


REL BASE, SAVE PC IN VPR 


12 


48 


BRS 


PRANCH LNCCNDir TC RCP, SAVE PC IN 


VPR 


A6 


48 


8CAS 


PRANCH CNCCNDIT TC CM 


ABSCL, SAVE PC IN VPR 


52 


48 
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SEQUENTIAL INDEX (CONTINUED) 



MMZM 










OP 


PAGE 


CCOE 




INSTRUCT ICN 






CODE 


N0» 


BPC 


BRANCH 


UNCCNCIT TC 


REL PC 




5 A ~ 


49 


8PC 


BRANCH 


UNCCNDir TC 


AUG REL PC 




5E 


49 


BR 


BRANCH 


UNCCNDIT TC 


RON 




42 


49 


ec 


ERANCh 


UNCCNCIT TC 


CM WITH REL 


BASF 


02 


49 


BC 


P RANCH 


UNCCNDIT TC 


REL CM WITH 


BASE AUG 


32 


49 


BCA 


PRAKCH 


UNCCNDIT TG 


ABSGL CM 




4A 


49 


ECA 


F RANCH 


UNCCNCIT TC 


AUG ABSOL CM 


4E 


49 


BRSM 


ERANCH 


UNCCNDIT TC 


ABSOL ROM, 


SAVE PC IN CM LOC 


$6 


5C 




!C, AbG 










VPS 


SFT VP 


FLAG IN CR 






86 


51 


VPR 


RESET 


VP FLAG IN CR 






82 


51 


VPTO 


TEST CR» SKIP IF EQ 


1 




8E 


51 


VPTZ 


TEST C 


R FCR C and skip IF EQ C 




8A 


51 
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MNEMONIC INDEX OF INSTRUCTIONS 



MNEM 

CCDH INSIRtCT I CN 

AO ACD W in' Cf' TC VPR 

AD ACO IK VPR TO VPR 

AD8 ACC B IK VPR TO VPR 

ADBI ACC IMPEC H TC VPR 
ADH ACC HVm IK VPR TG VPR 
AOHI ACC INKED HK TC VPR 

AOI ACO INKED W TC VPR 

AOL ACC LH IN CN TG VPR 

ADR ACO RH IN CK TC VPR 

AN and LCGICAL U IK CK TC VPR 

AN AND LCGICAL K IN VPR TC VPR 

AN AKC LCGICAL K IK CR TC VPR 

ANAZ ANALYZE CP 

AN8 AND LCGICAL B IN VPR TC VPR 

ANB ANC LCGICAL B IK CR TC VPR 

ANSI AND LCGICAL IPPED B TC VPR 

ANH AND LCGICAL hK IN VPR TC VPR 

ANH and LCGICAL EK IN CR TC VPR 

ANHI AKC LCGICAL IPPED HV. TC VPR 

ANL AND LCGICAL Lh IN CP TC VPR 

ANR AND LCGICAL RH IN CP TC VPR 

eC FRANCE UNCCKC IT TC REL CM WITH BASE AUG 

BC PRANCh UNCCKOI T TC CP. KITE REL BASE 

EGA PRAKCH UNCCNCIT TC AUG ABSOL CN 

BCA branch UNCCKDIT TC AESCL CM 

EGAS PRAKCH UNCCKC I T TC CP ABSCL, SAVE PC IN VPR 

BCS BRANCH UNCCKDIT TC CP REL BASE, SAVE PC IN VPR 

BPC PRAKCH UNCCKDIT TC REL PC 

EPC PRAKCH UNCCKDIT TC AUG REL PC 

BPCS "RAKCH UNCCKDIT TG REL PC, SAVE PC IN VPR 

ER PRAKCH UNCCKDIT TC RCP 

BRS PRAKCH UNCCKDIT TC RCP, SAVE PC IK VPR 

BRSM PRAKCH UNCCKDIT TC ABSCL RCP, SAVE PC IN CM LOC 

1C, ACG 

CE PCMPARE W CP TO VPR, SIE 

CE CCPPARE W VPR TG VPR, SIE 

CE CCHPARE K CR TO VPR, SIE 

CEB rCMPARE B VPR TC VPR, SlE 

CEB CCPPARE B CR TC VPR, SIE 

CE8I COMPARE IPPED B KITH VPR, SIE 

CEH CCPPARE HK VPR TC VPR, SIE 
CEH CCPPARE HK CR TG VPR, SIE 

CEHI rCMPARE IPPED HK KITH vPR, SIE 

CEI CCPPARE IPPED K WITH VPR, SIE 

CEL ^CPPARE LE CP TC VPR, SIE 

CER CCPPARE RH CP TC VPR, SIE 

CN CCPtPARF W CM TO VPR, SINE 

CN CCPPARE W VPR TC VPR, SINE 

CN CCHPARE W CR TG VPR, SINE 

CN8 CCPPARE B VPR TG VPR, SINF 
CNB CCHPARE B CR TO VPR, SINE 

CNBI '“CPPARE IPPEC E WITH VPR, SINE 

CNH COMPARE HK VPR IC VPR, SINE 
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NC. 


50 


15 


DO 


15 


D3 


IE 


7 3 


33 


Dl 


15 


?1 


32 


70 


32 


51 


15 


53 


16 


AO 


19 


CO 


19 


EC 


19 


5F 


27 


C3 


19 


E3 


19 


63 


31 


Cl 


, 19 


El 


• 19 


61 


31 


Al 


19 


A3 


19 


32 


49 


02 


49 


AE 


49 


4A 


49 


52 


48 


12 


48 


5A 


49 


5E 


49 


AE 


48 


A2 


49 


A6 


48 


56 


50 


30 


23 


08 


23 


F8 


23 


DB 


23 


FB 


23 


7B 


34 


09 


23 


F9 


23 


79 


34 


78 


34 


31 


23 


33 


23 


3A 


23 


DC 


23 


FC 


23 


OF 


24 


FF 


24 


7F 


35 


DO 


24 
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C.COE INSTRLCTICN 

“'"CnTI COMPARE' CR TO VPR, SINE 

CNHI rcHPARE IFKEC HW k ITH VPR, SINE 

CNI OCHPARE IPFED W WITH VPR» SINE 
CNL COMPARE LH CM TO VPR» SINE 

CNR rCMPARE RH CM TO VPR» SINE 

CBN DECR VPR BY 1, BRANCH IF RESULT NEQ 0 

CBZ DECR VPR BY BRANCH IF RESULT EC 0 

EQ LCGICAL ECUIVALENCE W CK TO VPR 

EQ LCGICAL ECUIVALENCE W VPR TO VPR 

EQ LCGICAL ECUIVALENCE W CR TO VPR 

EOB LCGICAL EQUIVALENCE B VPR TO VPR 

EOB LCGICAL ECUIVALENCE B CR TO VPR 

EQBI LCGICAL ECUIVALENCE IMPED B TC VPR 

EQH LCGICAL ECUIVALENCE HW VPR TO VPR " 
EQH LCGICAL ECUIVALENCE HW CR TO VPR 

EQHI LCGICAL EQUIVALENCE IMPED HW TO VPR 

FQL LOGICAL ECUIVALENCE LH CM TO VPR 

EQR LOGICAL EQUIVALENCE RH CM TO VPR 

EX EXCLUSIVE CR W IN CP TO VPR 

EX EXCLUSIVE CR W IN VPR TC VPR 

EX EXCLUSIVE OR WIN CR TO VPR 

EX8 EXCLUSIVE CR E IN VPR TO VPR 

EXB EXCLUSIVE CR E IN CR TC VPR 

• EXBI EXCLUSIVE OR IMPED B TC VPR 

EXEC EXECUTE CP 

EXH EXCLUSIVE CR HW IN VPR TO VPR 
EXH EXCLUSIVE CR hW IN CR TC VPR 

EXHI EXCLUSIVE OR IHMEC HW TO VPR 

EXL EXCLUSIVE CR LH CP TO VPR 

EXR EXCLUSIVE CR RH CP TC VPR 

IBN INCR VPR BY 1,. BRANCH IF RESULT NEQ 0 

. IBZ INCR VPR BY 1, BRANCH IF RESULT EQ 0 

LO LEAD WD TC VPR FROM CP 

LO LOAD AUG WD TC VPR FRCP CP 

LO LCAC WD TC VPR FRCM VPR 

to LCAC WD FRCP CR TC VPR 

LO LCAO fd FRCP CM TC CR 

LO LOAD AUG WO TC CR FRCP CM 

LO LCAD WD FRCM. VPR TO CR 

LO LCAD WD FRCP CR TC CR 

LDA LCAD WD TC VPR FRCP CP ABS 
LOA LCAD AUG WD TC VPR FRCP CP 

LOB LCAD B FRCP VPR TO VPR 

LOB LCAC 8 FRCP CR TO VPR 

LOB LCAD 8 FRCP VPR TC CR 

LOB LOAD B FROM CR TO CR 

L08I LCAC IMPED B INTO VPR 

L08I LCAC IPPEC B INTO CR 

IDEA LCAD EFFECTIVE ADDRESS 

LOF LCAD FILE PROP CM AUG INTC VPR 

LDF LCAD file FROM CM INTO VPR 

LOH LCAC HW FRCP VPR TO VPR 

iOH LCAD HW FRCP CR TC VPR 
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34 


35 
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BE 


47 


BA 
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AS 


21 


C8 


21 


E8 


21 


CB 


21 


EB 


21 


6B 
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C9 


21 


E9 


21 


69 


32 


A9 


21 


AB 


22 


AC 


20 


CC 


20 


EC 


20 


CF 


20 


EF 


20 


6F 


31 


5C 


28 


CD 


20 


ED 


20 


60 


31 


AO 


20 


AF 


20 


B6 


47 


B2 


47 


OA 


13 


OC 


13 


80 


13 


88 


13 


38 


13 


08 


13 


84 


13 


8C 


13 


06 


13 


OE 


13 


83 


13 


88 


13 


87 


13 


8F 


13 


7E 


30 


6E 


30 


50 


27 


OA 


14 


3A 


14 


81 


13 


89 


13 



58 
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LDH 


LCAC HVi FRCP VPR TO CR 


85 


13 


LDH 


LCAC H'rt FRCP CR TC CR 


8D 


13 


LDH I 


LCAC IPPEC FW INTC VPR 


76 


30 


LDH I 


LCAC IFPEC FV. IMC CR 


66 


30 


LDI 


LCAC IMPEC A INTO VPR 


72 


30 


LDI 


LCAC IPPEC W INTO CR 


62 


30 


LOL 


LCAC LH FRCP CP TC VPR 


P5 


13 


LDL 


LCAC AUG LH FROM CM TC VPR 


OD 


13 


LDL 


LCAC LH FRCP CM TC CR 


39 


13 


LDL 


LCAC AUG Lh FRCP CP TC CR 


09 


13 


LDHB 


LCAC VP BASE FROM VPR TC CR 


FA 


29 


LDR 


LCAC RH FRCP CP TC VPR 


07 


14 


LDR 


LCAC AUG RH FRCP CP TG VPR 


OF 


14 


LDR 


LEAD RH FRCP CP TC CR 


30 


14 


LDR 


LCAC AUG RH FROM CM TC CR 


08 


14 


FDD 


PCD STACK 


5B 


26 


NOP 


NC CPERAT ICN 


CO 


29 


CR 


OR LCGICAL F IN CP TC VPR 


AA 


18 


CR 


OR logical F in VPR TC VPR 


CA 


18 


CR 


CP LCGICAL F IN CR TO VPR 


EA 


18 


CRB 


OP LOGICAL e IN VPR TC VPR 


C7 


18 


CRB 


OR LCGICAL e IN CR TC VPR 


E7 


18 


GR8I 


OR LCGICAL IPPFD B TC VPR 


67 


30 


CRH 


OP LCGICAL F.F IN VPR TG VPR 


C5 


18 


CRH 


OR LCGICAL HF IN CR TC VPR 


E5 


18 


CRHI 


OR LCGICAL IPPED HW TC VPR 


65 


30 


CRL 


OP logical lh in cm TC VPR 


A5 


18 


CRR 


CP LCGICAL RF IN CM TC VPR 


A7 


18 


POLL 


POLL CR & SET VPR 


F5 


28 


PULL 


PULL FRCM STACK 


59 


26 


PUSH 


PUSF INTO STACK 


58 


25 


RL 


RESET BITS IN CR» Lh 


F2 


36 


RR 


RESET BITS IN CR, RH 


F6 


36 


SHA 


SHIFT ARITH W 


60 


39 


SHC 


SHIFT CYCLIC F 


6C 


39 


SHL 


SHIFT LCGICAL W 


6A 


39 


SL 


SET BITS IN CR, LH 


FA 


36 


SR 


SET BITS IN CR, RF 


FE 


36 


ST 


STORE WD FRCP CR TO CP 


10 


11 


ST 


STORE WC FRCM VPR TC CP 


lA 


11 


ST 


STORE AUG KL FRCP CR TC CP 


18 


11 


ST 


STORE AUG WD FROM VPR TO CM 


IC 


11 


ST 


STORE WD FRCM VPR TC VPR 


90 


11 


ST 


STORE WC FRCP CR TO VPR 


9A 


n 


ST 


STORE WD FRCP VPR TG CR 


98 


11 


ST 


STORE WD FRCP CR TO CR 


9C 


1 1 


STA 


STORE AUG WC FRCM VPR TC CM ABS 


IE 


11 


STA 


STORE WD FRCM VPR TC CP AES 


16 


11 


STB 


STORE B FRCP VPR TO VPR 


93 


n 


STB 


STOKE B FRCP VPR TO CR 


98 


11 


STB 


STORE B FRCP CR TL VPR 


97 


11 


STB 


STORE B FRCP CR TC CR 


9F 


11 


STF 


STORE FILE FRCP VPR INTO CM 


2A 


12 
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CODE 


H0« 


'“s'tf 


STORE 


FILE FRCM VPR INTO AUG CM 






I.A 


12 


STH 


STORE 


HW FRCM VPR rC VPR 






91 


11 


STH 


STORE 


HW FROM VPR TC CR 






99 


11 


STH 


STORE 


HW ERCM CR TO VPR 






95 


n 


STH 


STORE 


HW r-RCH CR TO CR 






90 


11 


STL 


STORE 


LH FROM VPR TO CM 






15 


11 


STL 


STORE 


AUG LH CF CM FRCP VPR(L OR R 


HALF ) 


10 


n 


STL 


STORE 


CP LH FROM CR 






11 


11 


STL 


STORE 


AUG CR LH FROM CR 






19 


11 


SIR 


STORE 


CP RH FROM VPR 






17 


11 


STR 


STORE 


AUG CM BH FROM VPR 






IF 


n 


STR 


STORE 


CP HH FROM CR 






13 


n 


STR 


STORE 


AUG CP BH FROM CR 






IB 


11 


SU 


SUBT 


W IN CP, FROM VPR 






5A 


16 


SU 


SLBT 


W IN VPR FROM VPR 






D4 


16 


SUB 


SIBT 


B IN VPR FRQP VPR 






07 


16 


SUBI 


SLBT 


IPPEC B FROM VPR 






77 


31 


SUH 


SLBT 


HW IN VPR FRCM VPR 






05 


16 


SUHI 


SLBT 


IMPEL HW FROM VPR 






75 


33 


SUI 


SLBT 


IPPEC W FRCM VPR 






74 


33 


SUL 


SUBT 


LH IN CM FROM VPR 






55 


16 


SUR 


SLBT 


RH IN CM FROM VPR i 






57 


17 


TAOL 


TEST 


UNDER MASK IN CR FOR ALL 1 LH 


£ 


SKIP 


EA 


38 


TAOR 


TEST 


UNDER MASK IN CR FOR ALL 1 RH 


£ 


SKIP 


EE 


38 


TAZL 


TEST 


UNDER MASK IN CR FOR ALL 0 LH 


8 


SKIP 


E2 


38 


TAZR 


TEST 


LNDER MASK IN CR FOR ALL 0 RH 


£ 


SKIP 


E6 


30 


TM 


TEST 


W ARITHv BRANCH IF VPR LS 0 






8C 


45 


TM 


TEST 


W ARITh, BRANCH IF CR LS 0 






AC 


45 


TMB 


TEST 


E ARITh, BRANCH IF VPR LS 0 






BF 


46 


TMB 


TEST 


B ARITH^ BRANCH IF CR LS 0 






AF 


46 


TMH 


TEST 


HW ARITHf BRANCH IF VPR LS 0 






BD 


45 


TMH 


TEST 


HW ARITH, BRANCH IF CR LS 0 






AD 


45 


TN 


TEST 


W ARITH, BRANCH IF VPR NEQ 0 






B4 


44 


TN 


TEST 


W ARITH, BRANCH IF CR NEC 0 






A4 


44 


TNB 


TEST 


8 ARITH, BRANCH IF VPR NEO 0 






B7 


44 


TNB 


TEST 


B ARITH, BRANCH IF CR NEC 0 






A7 


44 


TNH 


TEST 


HW ARITH, BRANCH IF VPR NEQ 0 






B5 


44 


TNH 


TEST 


HW ARITH, BRANCH IF CR NEQ 0 






A5 


44 


TOL 


TEST 


UNDER MASK IN CR FOR ANY 1 LH 


£ 


SKIP 


CA 


37 


TOR 


TEST 


LNDER MASK IN CR FOR ANY 1 RH 


£ 


SKIP 


CE 


37 


TP 


TEST 


W ARITH, BRANCH IF VPR GR OR 


EQ 


0 


B8 


44 


TP 


TEST 


W ARITH, BRANCH IF CR GR OR EQ 


0 




A8 


44 


TPB 


TEST 


B ARITH, BRANCH IF VPR GR OR EQ 


0 


BB 


45 


TPB 


TEST 


B ARITH, BRANCH IF CR GR OR EQ 


0 




AB 


45 


TPH 


TEST 


HW ARITH, BRANCH IF VPR GR OR 


EQ 


0 


B9 


45 


TPH 


TEST 


HW ARITH, BRANCH IF CR GR UR EG 


0 


A9 


45 


TROL 


TEST 


FOR ANY 1 IN CR LH RESET 






9A 


41 


TROR 


TEST 


FOR ANY 1 IN CR RH RESET 






9E 


42 


TRZL 


TEST 


FOR ANY C IN CR LH RESET 






92 


40 


TRZR 


TEST 


FCR ANY C IN CR RH RESET 






96 


42 


TSOL 


TEST 


FOR ANY 1 IN CR LH SET 






DA 


40 


TSOR 


TEST 


FOR ANY 1 IN CR RH SET 






OE 


41 


ISZL 


TEST 


FCR ANY C IN CR LH SET £ SKIP 






02 


40 



60 
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MO 


TSZR 


TEST 


FOR ANY C IN CR 


RH 


SET 






D6 


41 


TZ 


TEST 


h ARITh, BRAND-' 


IF 


VPR EC 0 






BO 


43 


TZ 


TEST 


U ARITH, BRANCH 


IF 


CR EQ 0 






AO 


43 


TZB 


TEST 


E ARITH, BRANCH 


IF 


VPR EC 0 






B3 


43 


TZB 


TEST 


E ARITH, BRANCH 


IF 


CR EQ 0 






A3 


43 


TZH 


TEST 


HW ARITH, BRANCH 


I F 


VPR EC G 






B1 


43 


TZH 


TEST 


HW ARITh, BRANCH 


IF 


CR EC 0 






M 


43 


rzL 


TEST 


LNDEK NASK IN CR 


FCR ANY 0 Lh 


& 


SKIP 


C2 


37 


TZR 


TEST 


LNDER RASK IN CR 


FCR ANY 0 RH 


S 


SKIP 


C6 


37 


VPR 


RESET VP FLAG IK C7< 










82 


61 


VPS 


SET 


VP FLAG IN CR 










86 


51 


VP TO 


TEST 


CR, SKIP IF EC 1 










8E 


El 


VPTZ 


TEST 


CR FCR 0, A\C SK 


! P 


IF EG !i 






8A 


51 
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OP CODE INDEX OF INSTRUCTIONS 



OP 

CODE 
00 
02 
0^ . 

05 

06 

07 

08 

09 
OA 
OB 
OC 
00 
OE 
OF 

10 
11 
12 
13 
lA 

15 

16 

17 

18 
19 
lA 
IB 
1C 
10 
le 
IF 

* 24 

30 

31 

32 

33 

34 

35 

37 

38 

39 

* 3A 
38 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 
4A 



TNSTRLICnUN 
NO OPERATION 

BRANCH UNCONOI r TO CM WITH REL BASE 
LOAD WD TO VPR FROM CM 
LOAD LH FROM CM TO VPR 
LOAD WD TO VPR FROM CM ASS 

load rh from cm ro vpr 

LOAD AUG WO TO CR FROM CM 
LOAD AUG LH FROM CM TO CR 
LOAD FILE FROM CM AUG INTO VPR 
LOAD AUG RH FROM CM TO CR 
LOAD AUG WO TO VPR FROM CM 
LOAD AUG LH FROM CM TO VPR 
LOAD AUG WD TO VPR FROM CM 
LOAD AUG RH FROM CM TO VPR 
STORE WO FROM CR TO CM 
STORE CM LH FROM CR 

BRANCH UNCONOIT TO CM REL BASE* SAVE PC 

STORE CM RH FROM -CR 

STORE WD FROM VPR TO CM 

STORE LH FROM VPR TO CM 

STORE WD FROM VPR TO CM ABS 

STORE CM RH FROM VPR 

STORE AUG WC FROM CR TO CM 

STORE AUG CM LH FROM CR 

STORE FILE FROM VPR I.NTO AUG CM 

STORE AUG CM KH FROM OR 

STORE AUG WD FROM VPR TO CM 

STORE AUG LH OF CM FROM VPRIL OR R HALF 

STORE AUG WD FROM VPR TO CM ABS 

STORE AUG CM RH FROM VPR 

STORE FILE FROM VPR INTO CM 

COMPARE W CM TO VPR, SIE 

COMPARE LH CM TO VPR, SIE 

BRANCH UNCONOIT TO REL CM WITH BASE AUG 

COMPARE RH CM TO VPR, SIE 

compare W CM TO VPR, SINE 

COMPARE LH CM TO VPR, SINE 

COMPARE RH CM TO VPR, SINE 

LOAD WD FROM CM TO CR 

LOAD LH FROM CM TO CR 

LOAD FILE FROM CM INTO VPR 

LOAD RH FROM CM TO CR 

AND LOGICAL W IN CM TO VPR 

AND LOGICAL LH IN CM TO VPR 

BRANCH UNCONOIT TO ROM 

AND LOGICAL RH IN CM TO VPR 

OR LOGICAL W IN CM TO VPR 

OR LOGICAL LH IN CM TO VPR ' 

BRANCH UNCONOIT TO ROM, SAVE PC IN VPR 
OR LOGICAL RH IN CM TO VPR 
LOGICAL EQUIVALENCE W CM TO VPR 
LOGICAL EQUIVALENCE LH CM TO VPR 
BRANCH UNCONOIT TO ABSOL CM, 



HNEH 

_CUL^ 

NO’P 

BC 

LO 

LDL 

LOA 

LDR 

LD 

LDL 

LDF 

LOR 

LD 

LDL 

LDA 

LDR 

ST 

STL 

IN VPR BCS 
STR 
ST 
STL 
STA 
STR 
ST 
STL 
STF 
STR 
ST 
STL 
STA 
STR 
STF 
CE 
CEL 
BC 
CER 
CN 
CNL 
CNR 
LD 
LDL 
LDF 
LDR 
AN 
ANL 
SR 
ANR 
OR 
ORL 
BRS 
ORR 
EQ 
EQL 
BCA 






PAGE 
,_N0« 
■■ 29 ‘ 
49 
13 
13 

13 

14 
13 

13 

14 
14 
13 
13 

13 

14 
11 
11 

48 
11 
11 
11 
11 
11 
11 
n 
12 
11 
11 
11 
11 
11 

12 

23 

23 

49 
23 

23 

24 
■24 
13 

13 

14 
14 
19 
19 
49 
19 
18 
18 

48 
18 
21 

.21 

49 
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logical equivalence kh cm to VPR 




EQR 


22 


4C 


EXCLUSIVE OR W IN CM TO VPR 




EX 


20 


40 


EXCLUSIVE OR LH CM TO VPR 




EXL 


20 


4E 


HRANCH UNCUNDIT To AUG ABSOL CM 




BCA 


49 


4F 


EXCLUSIVE OR RH CM TO VPR 




EXR 


20 


50 


ADD W IN CM rO VPR 




AD 


15 


51 


ADD LH IN CM TO VPR 




ADL 


15 


52 


BRANCH UNCONOIT TO CM ABSOL, SAVE PC IN 


VPR 


BCAS 


48 


53 


add RH IN CM TO VPR 




ADR 


16 


54 


SU3T IN CM FRuM. VPR 




SU 


16 


55 


SUBT LH IN CM EROM VPR 




SUL 


16 


56 


BRNCH UNCONC 10 AGS RUM,,SV PC IN CM LOC 


ID, AUG 


BRSM 


50 


57 


SUBT RH IN CM FROM, VPR 




SUR 


17 


58 


PUSH INTO stack 




PUSH 


25 


59 


PULL FROM STACK 




PULL 


26 


5A 


BRANCH UNCUNDIT TO REL PC 




BPC 


49 


56 


HUD STACK 




MOD 


26 


5C 


EXECUIE CM 




EXEC 


28 


50 


LOAD EFFECT IVE ADDRESS 




LDEA 


27 


5E 


BRANCH UNCONI'IT 10 AUG REL PC 




BPC 


49 


5F 


analyze CM 




ANAZ 


27 


60 


SHIFT ARITH W 




SHA 


39 


61 


AND LEjGICAL IMMEli HW TO VPR 




AN HI 


31 


62 


LOAD IMMED W INTO CR 




LDI 


30 


63 


AND LOGICAL IMMtD B TO VPR 




AN 8 1 


31 


64 


SHIFT LOGICAL W 




SHL 


39 


65 


OR LOGICAL IMMED hW TO VPR 




URHI 


30 


66 


LOAD IMMED HW INTO CR 




LOHI 


30 


67 


UR logical IMMED b TO VPR 




□RBI 


30 


69 


LOGICAL equivalence IMMED HK TO VPR 




EQHI 


32 


66 


LOGICAL EQUIVALENCE IMMED B TO VPR 




EQ8I 


32 


6C 


SHIFT CYCLIC W 




SHC 


39 


60 


EXCLUSIVE OR IMMED HW TO VPR 




e'xHi 


31 


6E 


LOAD IMMFD B I.NIO CR 




LD8I 


30 


6F 


EXCLUSIVE OR IMMED B TO VPR 




EXBI 


31 


70 


ADD IMMED K TO VPR 




ADI 


32 


71 


ADD IMMED HW TO VPR 




ADHI 


32 


72 


LOAD IMMED W INTO VPR 




LDI 


30 


73 


ADD IMMED B TO VPR 




AOBl 


33 


74 


SUBT IMMED W FROM VPR 




SUI 


33 


75 


SUBT IMMED HW FROM VPR 




SUHI 


33 


76 


LOAD IMMED HW IWTU VPR 




LOHI 


30 


77 


SUBT IMMED B FROM VPR 




SUBI 


33 


78 


COMPARE IMMED W WITH VPR, SIE 




CEI 


34 


79 


COMPARE IMMED HW WITH VPR, SIE 




CEHI 


34 


70 


COMPARE IMMED B WITH VPR, SIE 




CEBI 


34 


7C 


CUMPARh IMMED W WITH VPR, SINE 




CNI 


34 


70 


COMPARE IMMED Hrt WITH VPR, SINE 




CNHI 


35 


7E 


LOAD IMM.EO B INfO VPR 




LOBI 


30 


7F 


COMPARE IMMED B WITH VPR, SINE 




CNBI 


35 


80 


LUAD WD TO VPR FROM VPR 




LD 


13 


81 


LOAD HW FROM VPR TU VPR 




LDH 


13 


82 


RESET VP FLAG IN CR 




VPR 


51 
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83 


LOAD B FROM VPR TO VPR 




LDB 


13 


84 


LOAD VfD FROM VPR TO CR 




LD 


13 


85 


LOAD HW FROM VPR TO CR 




LDH 


13 


86 


SET VP FLAG IN CR 




VPS 


51 


87 


LOAD 6 FROM VPR TO CR 




EDO 


13 


88 


LOAD KO FROM CR TO VPR 




LD 


13 


89 


LOAD HW FROM CR TO VPR 




LDH 


13 


8A 


TEST CR FOR 0 AND SKIP IF EC TO 0 




VPTZ 


51 


88 


LOAD B FROM CR TO VPR 




LDB 


13 


8C 


LOAD KD FROM CR TO CR 




LD 


13 


80 


LOAD HW FROM CR TO CR 




LDH 


13 


8E 


TEST CR, SKIP IF EQ TO 1 




VPTO 


51 


8F 


LOAD B FROM CR TO CR 




LOB 


13 


90 


STORE WO FRCM VPR TO VPR 




ST 


11 


91 


STORE HW FROM VPR TO VPR 




STH 


11 


92 


TEST FOR ANY 0 IN CR LH RESET 




TRZL 


40 


93 


STORE B FROM VPR TO VPR 




STB 


11 


94 


STORE WO FROM CR TO VPR 




ST 


11 


95 


STORE HW FROM CR TO VPR 




STH 


11 


96 


TEST FOR ANY 0 IN CR RH RESET 




TRZR 


42 


97 


STORE B FROM CR TO VPR 




STB 


11 


98 


STORE WD FRCM VPR TO CR 




ST 


11 


99 


"STORE HW FRCM VPR TO CR 




STH 


11 


9A 


TEST FOR ANY 1 IN GR LH RESET 




TROL 


41 


98 


STORE B FROM VPR TO CR 




STB 


11 


9C 


STORE WD FROM CR TO CR 




ST 


11 


‘ w 


STORE HW FRCM CR TO CR 




STH 


11 


9E 


TEST FOR ANY 1 IN CR RH RESET 




TROR 


42 


9F 


STORE 8 FROM CR TO CR 




STB 


11 


AO 


TEST W ARITH, BRANCH IF CR FQ 0 




TZ 


43 


A1 


TEST HW ARITH, BRANCH IF CR EQ 0 




TZH 


43 


A3 


TEST B ARITH, BRANCH IF CR EQ 0 




TZB 


43 


A4 


TEST W ARITH, BRANCH IF CR NEQ 0 




TN 


44 


A5 


TEST HW ARITH, BRANCH IF CR NEQ 0 




TNH 


44 


A7 


TEST B ARITH, BRANCH IF CR NEQ 0 




TNB 


44 


A8 


TEST W ARITH, BRANCH IF CR GR OR EQ 


0 


TP 


44 


A9 


TEST HW ARITH, BRANCH If CR GR OR EQ 0 


TPH 


45 


A8 


TEST B ARITH, BRANCH IF CR GR OR EQ 


0 


TP8 


45 


AC 


TEST W ARITH, BRANCH IF CR LS 0 




TH 


45 


AD 


TEST HW ARITH, BRANCH IF CR LS 0 




TKH 


45 


A6 


BRANCH UNCONDIT TO REL PC, SAVE PC 


IN VPR 


BPCS 


48 


AF 


TEST B ARITH, BRANCH IF CR LS 0 




TMB 


46 


BO 


TEST W ARITH, BRAi^CH IF VPR EQ 0 




TZ 


43 


B1 


TEST HW ARITH, BRANCH IF VPR EQ 0 




TZH 


43 


B2 


INCR VPR BY 1, BRANCH IF RESULT EQ 


0 


IBZ 


47 


B3 


TEST B ARITH, BRANCH IF VPR EQ 0 




TZB 


43 


84 


TEST W ARITH, BRANCH IF VPR NEQ 0 




TN 


44 


B5 


TEST HW ARITH, BRANCH IF VPR NEQ 0 




TNH 


44 


B6 


INCR VPR BY 1, ORANCH IF RESULT NEQ 


0 


I8N 


47 


87 


TEST B ARITH, BRANCH IE VPR NEQ 0 




TNB 


44 


B8 


TEST W ARITH, BRANCH IF VPR GR GR EQ 0 


TP 


44 


B9 


TEST HW ARITH, BRANCH IF VPR GR DR 


EO 0 


TPH 


45 


BA 


OECR VPR BY 1, BRANCH IF RESULT EQ 


0 


DBZ 


47 
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OP CODE INDEX (CONTINUED) 



OP 

C ODE 

BB 

8C 

BD 

BE 

BF 

CO 

Cl 

C2 

C'i 

C4 

C5 

C6 

C7 

C8 

O') 

CA 

CB 

CC 

CD 

CE 

CF 

DO 

Dl 

D2 

D3 

DA 

D5 

D6 

D7 

D3 

D9 

DA 

DB 

DC 

DO 

OE 

OF 

EO 

El 

E2 

E3 

EA 

E5 

E6 

E7 

E8 

E9 

EA 

E3 

EC 

EO 

EC 

EF 



INSTRUCT ION 

TEST B AHITH, BRANCH IF VPR GR OR CO 0 

TEST k ARITH, BRANCH IF '7 PR LS 0 

TEST HW ARITH, BRANCH IF VPR LS 0 

DECR VPR BY I, BRANCH IF RESULT NEQ 0 

TEST B ARITH, BRANCH IF VPR LS 0 

AND logical W in VPR 10 VPR 

AND logical H., I\ VPR TO VPR 

TEST UNDER RASK IN CH FOR ANY 0 LH C SKIP 

AND LOGICAL B In VPR TO VPR 

OR logical h in VPR TO VPR 

OR LOGICAL HW IN VPR TO VPR 

lEST LNDFR RASK [N CR FOR ANY 0 RH (1 SKIP 

(’R LOGICAL B IN VPR TO vPR 

logical EGUIVALLNCL W VPR TO VPR 

LOGICAL LCUIVALLNCE HR VPR TO VPR 

TEST UNDER .MASK IN CR FU.R ANY I EH d SKIP 

LOGICAL EOUIVALCNLE B VPR TO VPR 

EXCLUSIVE OR W IN VPR TO VPR 

FXCLUSIVF UR Hk IN VPR TO VPR 

TEST UNDER MASK IN C'R FOR ANY 1 RH C SKIP 

FXCLUSIVF OR B IN VPR TO VPR 

ADD W IN VPR TO VPR 

ADD Hk IN VPR TCI VPR 

TEST FOR ANY 0 IN CR LH SET' C SKIP 

ADD B IN VPR TO VPR 

SUBT W IN VPR FROM VPR 

SUBT HW IN VPR FROM VPR • 

TEST FOR ANY 0 IN CR RH SET 

SUBT B IN VPR from VPR 

COMPARE W VPR TO VPR, SIC 

COMPARE HW VPR TO VPR, SIE 

TEST FOR ANY i IN CR LH SET 

COMPARE 8 VPR TO VPR, SIE 

COMPARE W VPR TO VPR, SINE 

COMPARE HW VPR 10 VPR, SINE 

TEST FOR ANY 1 IN CR RH SET 

COMPARE B VPR TO VPR, SINE 

AND LOGICAL ki IN CR TO VPR 

AND logical Hk IN CR TO VPR 

TEST UNDER MASK IN CR FUR ALL 0 LH & SKIP 

AND LOGICAL 0 IN CR TO VPR 

UR LOGICAL k IN CR TO VPR 

OR LOGICAL HW IN CR TO VPR 

TEST UNDER MASK IN CR FOR ALL 0 RH C SKIP 

OR LOGICAL B IN CR TO VPR 

LOGICAL EQUIVALENCE W CR TO VPR 

logical EGUiVALENCE Hk CR TO VPR 

TEST UNDER MASK IN CR FOR ALL I LH C SKIP 

LOGICAL EQUIVALENCE B CR TO VPR 

EXCLUSIVE OR W IN CR TO VPR 

EXCLUSIVE OR HW IN CR TO VPR 

TEST UNDER MASK IN CR FOR ALL I RH G SKIP 

EXCLUSIVE OR B IN CR TO VPR 



MNEM 

CODE 


PAGE 

NO. 


TPB 


45 


TM 


45 


TMH 


45 


DBN 


47 


TMB 


46 


AN 


19 


ANH 


19 


rzL 


37 


ANB 


19 


□ R 


18 


URH 


18 


TZR 


37 


ORB 


18 


EQ 


21 


FQH 


21 


TOL 


37 


FOB 


21 


EX 


20 


EXh 


20 


TOR 


37 ■ 


EXB 


20 


AD 


15 


ADH 


15 


TSZL 


40 


ADB 


15 


SU 


16 


SUH 


16 


TSZR 


41 


SUB 


16 


CF 


23 


CEH 


23 


TSOL 


40 


CEO 


23 


CN 


23 


CNh 


24 


TSOR 


41 


CNB 


24 


AN 


19 


ANH 


19 


TAZL 


38 . 


ANB 


19 


OR 


18 


□ RH 


18 


TAZR 


38 


ORB 


18 


EQ 


21 


EQri 


21 


TAOL 


38 


EQB 


21 


EX 


20 


EXH 


20 


TAOR 


38 


Exa 


20 



Op Code Index of Instructions 

Section C4 
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OP CODE INDEX (CONTINUED) 



OP 




MNEM 


PAGE 


CODE 


INSTRUCTION 


CODE 


NO, 


F2 


RESET BITS IN CR, LH 


RL 


35 


F4 


LOAD VP BASE FR(]M VPPs TO CR 


LOMB 


29 


F5 


POLL CR C SET VPR 


POLL 


28 


F& 


RESET BITS IN CR, RH 


RR 


36 


F8 


COMPARE W CR 10 VPR, SIE 


CE 


23 


F 9 


COMPARE CR TO VPR, SIC , 


CEH 


23 


F4 


SET BITS IN CR, LH 


SL 


36 


FD 


COMPARE B CR TO VPR, SIE 


CEB , 


23 


FC 


COMPARE W CR TO VPR, SINE 


CN 


23 


FD 


COMPARE HW CR TO VPR, SINE 


CNH 


24 


Ft 


SET BITS IN CR, RH 


SR 


36 


Fr 


COMPARE B CR TO VPR, SINE 


CNb 


24 
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GENERAL 



The Da,ta Channel Unit (DCU), figure 1, provides the interfacing required 
between the CM and the disc storage units. The DCU consists of an expandable 
Memory Bus Control (MBC), two general purpose Data Channels (DC) for da.ta 
buffering and mem.ory addressing, cind two Disc Channel Controllers (DCC) to 
match the storage device to the Data. Channel. The DCCs are controlled by 
Communication Register bits in the PPU. 

MEMORY BUS CONTROL 

The MBC is a 1x4 expansion unit providing four ports, each identical to 
the CM bus, serviced in a round robin sequence. The maximum data rate of 
a particular DCC is dependent on the number of active channels since they all 
share the MBC. The MBC can be expanded to provide l6 data ports, as shown 
in figure 2 by using four more 1x4 expansion units, 

DATA CHANNEL 

The DC, figure 3, provides data buffering between the 256 bit CM inter- 
face and the 32 bit device interface. File 1 consists of eight 32 bit registers 
(ROO thru R07) that have bidirectional access to the CM and the eight registers 
(RIO thru Rl7) in File 2. The General Register File consists of four 32 bit 
registers, R20 thru R23. The DC Da.ta Buffer is a 32 bit register whose data 
inputs are controlled by the DCC. 

The DC is controlled by an 8 bit Control Byte from the DCC. The code 
consists olJmo hexidecimal digits. The leftmost digit identifies a source 
register, the right digit identifies a destination register. Table 1 lists the 
hexdigit- register assignments. Examples of typical control bytes and the 
resulting action are given in Table 2. The source digit in the control byte 
controls the selection of a register onto the General Data Bus, and the 
destination digit enables the appropriate register to accept the data. Devia- 
tions from this procedure occur for transfer between File 1 and File 2; and 
CM accesses. 

Section D 



fi?nTFXAS Instruments 



1 




Instruments 




Figure 1, Data Channel Unit Block Diagram 
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CENTRAL 

MEMORY 

VIA 

MBC 



256 Bits 
To/ From CM 



File 1 



CM Address 
(32 Bits) 



File 2 



General 

Data 

Bus (32 Bits) 




GENERAL 
REGISTER FILE 




DC Data 
Buffer 




DISC 

CONTROLLER 

Data to DCC 
(32 Bits) 



Data from DCC 
(32 Bits) 



Decoder 



DC Control j_ ^ 
Register i 



Control Byte 
(8 Bits) 



Memory 

Control 

Lines 



DC 

Sequence 

Control 



DCC Hold 
(1 Bit) 



Figure 3. Data Channel Block Diagram 









Table 1. Hexdigit-Register Assignments 



Hexdigit 


Register 


0 


DCC 


1 


File 1 


2 


File 2 


3 


CM 


4 


R20 


6 


R21 


6 


R22 


7 


R23 


8 


RIO 


9 


Rll 


A 


R12 


B 


R13 


C 


R14 


D 


R15 


E 


Rl6 


F 


R17 



Table 


2. TypicaRControl Bytes and Resulting DC Action 


Typical Contr 


•ol Bytes Resulting Action 


59 


R21 transferred to Rll 


95 


Rll transferred to R21 


F4 


B.17 transferred to R20 


OA 


DCC transferred to R12 


AO 


R12 transferred to DCC 


12 


File 1 (256 bits) transferred to File 2 


21 


File 2 (256 bits) transferred to File 1 


IB 


R03 (32 bits) transferred to the adjacent 
register in File 2 (R13) 


B1 


R13 (32 bits) transferred to the adjacent 
register in File 1 (R03) 


35 


Read CM at the address contained in R.21 


53 


Write in CM at the address contained in R21 


Special Codes 



00 No-op 
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ASC 



The two permitted transfers between File 1 and File 2 include complete 
transfex's and register transfers. All 256 bits of File 1 may be paraillel trans- 
ferred to File 2 or all 256 bits of File 2 may be parallel transferred to File 1. 
Any one of the eight registers in File 1 (32 bits) may be parallel transferred 
to the adjacent register in File 2 or conversely any one of the 8 registers in 
File 2 may be parallel transferred to the adjacent register in File 1. 

The position of the digit in the Control Byte specifies the type of CM 
access, either CM Read or CM Write. The other digit in the Control Byte 
identifies the register which contains the CM address for the memory access. 
Sequence Control determines the type of CM access and sets appropriate con- 
trol lines to the MBC. For CM Read, when Read Data is true, ail 256 bits of 
an octet in CM will be loaded into File 1. For CM Write, the data in File 1 
will be written in CM as permitted by the zone control byte in the memory 
address register. 

It is possible that the DCC will send some Control Bytes faster than the 
DC can execute them. When its occurs the DC will send the DCC a Hold 
signal, stopping the DCC at that point in its program. When the DC executes 
the command, the Hold signal will be cleared and the DCC can continue its 
program. 

DISC CHANNEL CONTROLLER 

The DCC, figure 4, is designed to match the characteristics of the Disc 
Module to the requirements of the ASC system. In order to do this, the DCC 
must accomplish the following tasks: 

1) Monitor control lines connected to CR bits in the PPU. 

2) Obtain from CM a Communications Area, set up by PPU software, 
describing the job the DCU is to perform. 

3) Monitor the condition of the disc module at all times and issue 
instructions to the disc as required. 

4) Supply Control Bytes to the DC. 
e x as J N ST_RU M ENTS ' 
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Figure 4. Disc Channel Controller Block Diagram 
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6) Accept and send data to the DC. 

6) Accept and send data to the disc. 

COlvlIViUNICATIONS AREA FILE 

Each job that the DCU is to perform is described by a communications 
area in the CM as follov/s: 

A. Operation ~~ Type of job to be performed 

1) Read ~ Read the disc and transfer the data to the CM 

2) Write ~ Write on the disc the. data obtained from the CM. 

3) Erase - Write ’’O’s” on the disc. 

4) Read Check - Rea.d the disc and check for parity, do not transfer 
the data to CM. 

B. CM Address -- The address in CM where the data is to be stored for 
the Read operation or the address in CM where the data is to be found for the 
W rite operation. This address may be absolute or virtual. If virtual, the 
DCC must perform the Map Routine (ROM) to obtain the absolute address . 

CM address has no meaning for Erase and Read Check operations. 

C. Disc Address -- The address on the disc where the data is to be 
stored for the Write operation, obtained for the Read operation, zeroed for 
the Erase operation, or checked for parity on the Read Check operation. 

D. . Map Pointer ~~ An address in CM where a map image of the memory 
is located. It is used when the CM address is virtual. See Map Routine, ROM. 

E. Link Address -- The address in CM where the Communications Area 
for the next job is located. 

F. Storage area pointers (12) each containing a CM address and word 
count so that DM data may be written or read from several different noncon- 
tiguous areas of CM. 
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DISC BOOKKEEPING SECTION 






The DCC Disc Bookkeeping Section interfaces the DCC Data Bus and a 
Disc Interface Unit (DIU)* A DIU will support two Disc Modules which are 
as^nichrorious to each other. Each DM sends the DCC a sector clock, indicat-, 
ing the beginning of a new sector, and a.n index mark, indicating sector zero on 
the disc. The DCC counts the sector clocks a,nd always knows the disc position. 
This is done by counters AAR ^’0** and ”1”. The DM must be addressed one 
sector in advance, therefore, the AARs are actually one sector ahead of the 
true DM position. The DM being used for a job is selected by SELDM from the 
control logic. The selected AAR is compared with the sector portion of the 
Disc Address for the current job. The output of the Comparator Comp is sent 
to the Control Logic. The Control Logic determines if the job is to be pro- 
cessed in this sector and which ROM programs .are required. 

READ ONLY MEMORY 

The DCC uses a Read Only Memory (ROM) to direct the channel to perform 
fixed sequences of operations. The ROM will also supply special fixed CM . 
addresses which are unique to each channel. Control Logic is responsible for 
decoding and executing the ROM instruction and performing the tests and 
branches called for. The ROM has a capacity of 256 words. Each word con- 
sists of 33 bits. The least significant bit is used to determine the parity 
(true or compliment) of the word. The ROM word may have either of 2 formats 

Normal Format Byte 0 Byte 1 Byte 2 Byte 3 

Special Format 32 bit word 

In the Normal Format the 32 bits will be divided into four 8 bit bytes. 

The bytes will be used as follows: 

Byte 1 DC Control Byte 

Byte 2 Next ROM Address 

Bytes 3 and 4 DCC Internal Control 



J^TeXAS iNSTRU M E^NTS 



Section D 



9 




J^iTexas Instruments 



C/5 

n 





From ROM Transfer 
Data Routines 



Figure 5. Disc Bookkeeping Block Diagram 















In tlie Special Format the bits 29-31 are 111. The 32 bit word is loaded 
into the DC Register R20, the ROM address is increixiented. 

Routines programmed into the ROM are: 

1) LA -> Look Ahead 

2) SW - Status W'ord 

3) DS - Initial Start 

4) AA - Angular Address Update 

5) TDV/ - Transfer Data Write (CM“»^DM) 

6) TDR - Transfer Data Read (DM-h^CM) 

7) MAP - CM a,ddress Mapping 

Control Logic forces the ROM address to the beginning of each program 
as required. Byte 2 of the ROM Word then dictates the next address. Control 
Logic is responsible for synchronizing the ROM address with the DC and DU, 
In the case of conditional branches, the control logic may force a jump in a 
program' s normal addressing sequence. 
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• THE T ERMINAL CHANNEL CON TROLLER (TCC) 



SCOPE 

Identi fi cation 

This description covers the requirements of the Terminal 
Channel Controller. 

Usage as Part of the Total System 

The TCC is part of the Data Channel Unit (DCU) v^/hi ch 
provides the required interfacing between Central Memory (CM) 
and external units. The DCU cogsists of general purpose Data 
Channels (DC) which communicate v/ith CM and are attached to 
the external units via special purpose channel controllers. 

The present DCU configuration contains two types of channel 
controllers. The Disc Channel Controller (DCC) matches a Disc. 
Interface Unit (DIU) and consequently Disc Modules to the DC. 

The Terminal Channel Controller (DCC) matches Selector Interface 
Units (SIU) to the DC. In this document SIU will be used to 
refer to any device that might be attached to the TCC. The 
incorporation of the TCC into the DCU is in figure 6. 

The TCC has two SIU ports. However, the TCC port 
addressing allows for expanding up to 32 ports. 

Usage 

In order to match the characteristics of the SIU to the 
requirements of the ASC, the TCC must accomplish the following: 
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CR 

FILE 




Figure 6 TCC Incorporation In Data Channel 





(1) communicate with the PPU via CR bits, 

(2) obtain from CM a Communications Area (CA), set up by 

PPU Software describing the job the channel is to perform, 

(3) Supply commands to the DC, 

(4) accept and send data and status to the DC, and 

(5) accept and send data and status to the SIU. 

Component Identification 

A block diagram of the TCC is shown in figure 7. 
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RCQUIREMENTS 



Perfor mence 

1. Primary Performance Characteristics are: 

a. All TCC Operations are controlled by ASC software 
with bits in- the CR file and with Communication 
Areas (CA) in CM, 

b. Control bits in the CR file give ASC software the 
ability to: 

(1) Start the TCC 

(2) Cause the TCC to abort any chain of jobs 

(3) Accept status reports from the TCC when part 
of the DC or CM is down 

(4) Communicate with the TCC regarding the need 
to reorder jobs 

(5) Control maintenance operations within the TCC 

(6) Switch the TCC from a Low Priority CA chain to 
a High Priority chain. 

c. ASC software uses CAs to assign jobs to the TCC, 

d. Communication between the TCC and SIU consists of 

32-bit data words and 32-bit control words. Each 

32-bit v/ord is accompanied by two additional bits, 
one to differentiate between data and control words 

and one parity bit. A control word consists of up 

to 16 hardware status bits in the most significant 

half (bits 0-15) and a 16-bit control message in the 

remaining portion (bits 16-31). 

e. The TCC operates on a half duplex basis. However, 

. it does have the capability of accepting a control 
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word from the SIU when in the Write mode. Such an 



occurrence always constitutes an abort condition. 

f. The TCC is capable of supporting a sustained word 
transfer rate of 500,000 32-bit words per second 
(2M bytes/sec). 

g. The TCC responds to ASC system initialization and 
sends a clear signal to the DC and to the SIU. 

2. Physical Characteristics. 

a. The TCC is a TTL device which operates on the 500 ns 
TTL clock. 

b. The TCC hardware is located in the ASC column DC3-TTL1 
which is adjacent to the DC-DCC ECL column. 

TCC Definition 

1. Terminal Data Channel Programming Interface 

The Terminal Data Channel provides the interface 
between the ASC Programming System and the hardware 
attached to the channel. The Programming System communicates 
directly with hardware through the Communications Area (CA) 
and the CR File, 
a. Corrmuni cations Area (CA) 

The CA format is shown in figure 8. The 
areas in the CA which are not presently being used may 
be used by software for its own purposes. 

Word 0 of the CA is always located on an 
an octet boundary. The most significant bit of 
this word (bit 0) is always a 1. The next 7 
bits .(bits 1-7) are not used by the TCC. The 
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CA Format 




Figure 8 Communication Area Format 










remaining 24 bits (bits 8-31) contain the Link 
Address which points to the next CA in the chain. 
This Link Address is stored in a DC General 
Register at the beginning of the execution of 
the CA. 

VJord 1 of the CA is not used by the 
TCC. The MSB's (bits 0-7) of Word 3. contain the 
Channel Address (CAD) for the TCC. This is the 
address of the TCC port that is to be involved 
in this . transfer. It is stored in the TCC at 
.the beginning of execution of the CA. The 
remaining 24 bits (bits 8-31) of this word contain 
the Memory Address where the data for this CA 
is to be obtained or stored. This address is 
stored in a DC General Register at the beginning ' 
of execution of the CA. 

The most significant half of Word 4 
(bits 0-15) contains the Command Field shown 
in Figure 9. 

Control Word options 1,2, and 3 
refer to options which the TCC may take 
with regard to the sending and receiving of 
Control Words before and after block transfers. 
Control Word 1 option indicates to the TCC 
that it is to send a Control Word to the SID 
before any data transfer in either direction 
is started. This Control Word is formed by 
the TCC and consists of Control Message 1 
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CA 

Word 

3 



M 

‘^///// Unassigned 



12 13 14 15 






— Read/Write 

- Control Word 

- Control Word 
-• Control Word 



1 Option 

2 Option 

3 Option 



Figure 9. Command Field 
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taken from CA word 5. Control Word 2 
option indicates to the TCC that it should 
take the Control Message in Control Message 2 
position and send it to the SID at the completi 
of data transfer in' the case of a Write and 
at the completion of data transfer plus 
possibly one Control Word transfer (Option 3) 
in the case of a Read. Control Word 3 
option indicates to the TCC that it should 
expect to receive a Control Word at the 
completion of data transfer in the case of 
a Read and at the completion of data transfer 
plus possibly one Control Word transfer 
(Option 2) in the case of a Write. This 
Control Message is to be placed in Control 
Message 3 position of the CA. 

Read/Write is indicated by bit 15 
of CA word 2. Read is indicated by a one in 
position 15 and a Write is indicated by a zero. 

The right half of Word 4 (bits 16-31) 
contains Initial Word Count. This is the number 
of words that are to be transferred by execution 
of this CA. 

Word 5 of the CA contains the Status 
field. The meaning of the 4 MSBs (bits 0-3) is 
fixed. The 16 LSBs are used for reporting 
status from the SIU. 

Bit 0 of the Status field contains the 

r 

complete bit. The TCC sets this bit after it 
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has completed execution of a CA (either satisfactorily 
or unsatisfactori 1y) . 

Bit 1 contains Illegal Word Count. This 
flag is set to indicate that the TCC received a 
Control Word from the SIU when the count contained 
in the TCC Word Count Register was not zero or 
that a Data Word was received when count was zero. 

In the first case, the remaining Word Count is 
written in the CA in the Word Count Error field 
along with the Control Message that was received. 

, ■ Bit 2 contains Time Out (TO). This 
flag is set to indicate that the TCC timed out 
during a TCC - SIU transfer. 

Bit 3 contains the Parity Error (PE) 
flag which indicates that a parity error was 
detected in an SIU to TCC transfer. 

Status from the SIU is written into the 
16 LSBs of the status word upon receiving a 
control word (Control Word 3) from the SIU. The 
status is located in the 16 MSBs of this control, 
word . 

Word. 6 of the CA contains Control 
Message 1 and Control Message 2. These are 
"output" Control Messages (i.e., they will always 
be sent to the SIU). The contents of the 
Control Messages are determined by software, 
and their .use is controlled by Options 1 and 2 in the 
Command field. Word 6 is stored in DC General 
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Registers at the beginning of the CA. 

Word 7 contains the Word Count Error 
in its 16 MSBs (bits 0-15). Count in the TCC 
Word Count Register is loaded into this halfword 
any time the TCC receives a Control Word^v/hen 
Word Count in the register is not 0. The 16 
LSBs (bits 16-31) contain Control Message 3. 

Its contents are software designated, and its 
use is software controlled via Option 3 in the 
Command. 

Any control word received by the 
TCC at a time other than that specified by 
Option 3 is also placed in Control Message 3 
position. The 16 MSBs are placed in the 
low order position of the status word. This 
is followed by an abort of the CA. 
Communications Area Chains 

TCC CAs are looped by the Programming 
System as shown in figure 10. The TCC begins the loop 
at the Header which is the dedicated memory address 
holding the address of the first CA. It stops 
processing CAs when it comes back to the Header 
after processing the CF& in the loop. The CAs 
may be relinked by the Progranming System in order 
to process new requests. However, since the TCC only 
goes through a loop once, all relinking must be done 
ahead of where the TCC is working in the loop. Neither 
the Programming System nor the TCC are conmitted to 
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do a job until the CA is fetched. 

The sign bit {bit 0) of the Link Address 
(word 0 of the CA or Header) indicates whether the 
accessed memory area is actually a CA or is in reality 
a Header... All CAs have a sign bit of one in the Link 
Address. A zero in this position indicates a Header. 
After the TCC has initially accessed the Header to 
get it started in the loop, it will treat the Header 
as a CA v/hen it accesses it again. However, upon 
checking the sign bit and finding it to be a zero, the 
TCC will stop. 

There are low priority and high priority 
CA chains built for the TCC. Each type of chain has 
its own Start bit in the CR File and its ovm Header 
in a dedica-ted memory address. 

If the TCC is operating in the low priority 
chain when it receives the high priority Start, it 
will finish the CA that it is presently processing, 
save the low priority link address, go to the high 
priority chain (via its Header) and do all of the CAs 
in it, and then return to the low priority chain using 
the link address that it had saved previously. If 
both Start bits are set at the same time, the TCC will 
complete the high priority chain before going to the 
low priority header. 

Both Headers always have a zero in bit 0 
and are located on an octet boundary. 
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When the Programming System is ready to 
relink CAs, it sets the Relink Request bit in the 
CR File. It cannot continue vn'th relinking until the 
TCC sets the Relink OK bit in the CR File. This bit 
is set as soon as the TCC receives Relink Request if 
the TCC is in the process of performing a CA. However, 
if the TCC is involved in linking when it receives 
Relink Request, it continues to the next CA and 
fetches it before setting Relink OK. 

When the TCC finishes the data transfer 
associated with a given CA and finds Relink OK set, 
it stops and does not complete execution of the CA 
until Relink OK is reset by the Programming System 
(Relink Request is to be reset before Relink OK is reset). 
The Programming System resets these bits when relinking 
has been completed. When Relink OK is reset, the 
TCC reaccesses the CA in order to get the Link Address, 
which may have been changed, and then continues processing 
the CA. 

During relinking, the Programming System 
recognizes that the TCC is operating on the first CA 
in the loop which does not have a complete bit set in 
the status field of the CA. The Programming System is 
not allowed to remove this CA from the chain. Note 
that if there is a high priority and a low priority 
chain the possibility exists that there will be a 
CA in each chain that the Programming System will have 
to leave in. 
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Protocol 



To permit a certain amount of flexibility 
in the communications Protocol, the TCC accepts 
protocol options based on the three control word op- 
tion bits of the CA Command. The three optional con- 
trol words and their relationship to data transfer 
are shown in figure 11. 

When Control Word 1 Option in the CA Command i 
0, it indicates to the TCC that a Control Word should be 
transferred to the SID at the beginning of the CA before 
any data is transferred. The TCC forms this Control 
Word from Control Message 1 in the CA. 

Control Word 2 Option being 0 indicates to the 
TCC that Control Word 2 is to be sent to the SIU. The 
actual time at which Control Word 2 is sent depends 
on whether the TCC is in the Read or Write mode and 
whether Control Word 3 Option is exercised. 

When Option 2 is 0, the TCC is in the 

• Read mode; and Option 3 is 1; Control Word 2 is 

sent to the SIU after the last data word is 
received by the TCC (as indicated by the count in 
the Word Count Register being zero). 

When Option 2 is 0, the TCC is in the 

Read mode; and Option 3 is 1; Control Word 2 is 

sent to the SIU after Control Word 3 is received. 

When Option 2 is 0 and the TCC is in 
the Write mode, Control Word 2 is sent to the 
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SIU after the last Data Word is sent (as indicated 
by the count in the Word Count Register being 
zero) . 

Control Word 3 Option being 0 indicates that 
the TCC is to receive a Control Word and place the Control 
Message in Control Message 3 position in the Cfh. The 
exact position of Control Word 3 in the protocol is 
determined by Read/Write and Option 2. 

When in the Read mode with Option 3 equal 
zero, Control Word 3 is received by the TCC 
immediately after the last data word (as indicated 
by a zero count in the Word Count Register). 

When in the Write mode with Option 3 equal 
zero and Option 2 equal zero. Control Word 3 is 
received after sending Control Word 2. 

When in the Write mode with Option 3 equal 
zero and Option 2 equal one. Control Word 3 is 
received after sending the last Data Word (indicated 
by zero count in Word Count Register). 

Any time the TCC finds it necessary to send 
status to the SIU, it does so by sending a 32-bit 
control word with status in the 16 MSBs and Control 
Word 2 (whether Option 2 is set or not) in the 16 
LSBs. Any time Control Word 2 is sent because of 
Option 2, it is accompanied by status. The status fnts 
sent are Time Out, Parity Error, and Illegal Word Count. 

(6) Status from the SIU is always to be accompanied 
by Control Word 3 and vice versa. Status is in the 
16 MSBs with Control Word 3 in the 16 LSBs. 
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The ASC softv^are can control the TCC via the CR file. 

Two bits of CR will be used for Lovi Priority 
Start (IPS) and High Priority Start (HPS). 

If IPS is 1 and HPS is 0, the TCC uses 
the Lo'fi Priority Header in a dedicated memory 
location and processes the CA chain. After the 
TCC finishes all CAs in the chain and comes back 
to the Header, it resets the IPS and stops. 

If HPS is 1 and IPS is 0, the TCC uses 
the High Priority Header and processes the CA 
chain, resetting HPS and stopping after it works 
its way back to the Header. 

If IPS is 1 and the TCC has already 
worked down part of the CA chain when it receives 
HPS, it will finish the CA that it is currently 
working on, save its Link Address, and go to the 
High Priority Header. After completing the High 
Priority chain, the TCC returns to the Low Priority 
chain via the Link Address saved out of that 
chain. If the TCC is between CAs when it receives.. 
HPS, it win save the Link Address that it is 
currently using and go to the High Priority Header. 

If HPS is 1 and LPS is 1, either because 
it was set at the same time as HPS or because it 
was set after operation in the High Priority 
chain began, the TCC will complete the High Priority 
chain and then enter the Low Priority chain via 
the Low Priority Header. 
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One bit of CR is used for the 7CC Abort bit. 
The fonov.'ing interpretation will be assigned to TCC 
Abort in conjunction with the Start bits: 

IPS or HPS Abort 

0 0 Channel Inactive/Active 

1 0 Start and Channel Active 

0 1 Abort Channel Operations 

1 1 Abort current CA and proceed 

to appropriate Header 

Software can set both starts and Abort and 
reset both starts. The TCC can reset both starts and 
Abort'. 

A four-bit channel condition field in the 
CR file is use'd by the TCC to report certain abnormal 
events to the PPU. The field is formatted as follov.’s: 




When one of the events occurs, the TCC will 
set the Condition Attention bit, will enter the 
appropriate event code, and will abort. The Programming 
System will reset the Condition Attention when appropriate 
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software action has been taken. 



If more than one event is simultaneously 
detected by the TCC, only the highest priority event 
is reported. 

Two CR bits will be used to communicate with 
the TCC during a relinking of CAs. When software 
desires to relink the CAs, a Request Relink bit 
will be set in the CR file. Within 10 microseconds 
(generally within 1 microsecond), the TCC will reply 
by setting the Relink OK bit. The time difference 
depends on whether the TCC is executing a CA or 
linking between CAs when it gets Request Relink. 

If it is betv/een CAs, it will go to the next CA 
before setting Relink OK. Software resets Request 
Relink and Relink OK when it finishes relinking. 

The TCC conmunicates with the Common 
Maintenance Registers (CMR) of the CR file for 
maintenance purposes . This includes communication 
with the Common Command Register (CCR) and the Unit 
Register (UR) allocated foi the DCU. The CCR is used 
to issue maintenance commands and to exercise CM 
protect and breakpoint options. The UR is used to 
transfer data between the PPU and the TCC during 
maintenance. 

ASC software will be responsible for performing software 
timeouts on CA chains to detect TCC and/or DC failures. 
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INTRODUCTION 



The ac and dc power control segments of the ASC operating panel 
can be noted at the upper left of Figure 1 . The key turns on the power to 

the entire computer system, and this status is indicated by the ac ON indicator. 
To apply dc power to the processors, the dc ON switch is pressed. When all 
voltages, pressures, and temperatures are within operating ranges and if all 
interlocks are engaged, the standby indicator is lighted, indicating that the 
system is ready for operation. When the power is increased, the processors 
are automatically cleared. Upon reaching standby status, the operator can 
cause the processors to begin execution by pressing the START button in the 
system control area of the panel. The system status indicator will then shov^ 
that the system is in the operating condition. Similarly, the STOP button 
causes the processors to stop execution and the system status to return to the 
standby condition. 

The normal/ abnormal indicators in the system status area re- 
late to switches throughout the system which must be in particular positions 
if the system is to ope rate in a normal fashion. Included are switche s to pro- 
vide maintenance functions throughout the system such as those for the power 
supply margining control and those on the maintenance panel. A digital clock 
is provided at the top center of the operating panel. The EMERGENCY OFF 
is a pull-type switch for emergency removal of primary power to the system. 

It requires maintenance personnel for resetting. In the lower left-hand portion 
of the panel, the bootstrap facilities are shown. The system may be loaded 
initially from disk or from the card reader by setting the system initialization 
switch to the desired initialization source and depressing the LOAD button. 

An alarm horn in the power control unit sounds in the event of power failure. 

The ALARM RESET button in the lower right-hand area of the operating panel 
allows the operator to turn off the alarm horn. A loudspeaker is provided 
within the operating panel for signaling from the operating system. The volume 
control is in the lower right-hand corner of the operating panel. 
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STARTING DESCRIPTION 



The KEY' sv/i tch applies primary AC power through the main three 
phase power relay to the peripheral equipment (tape and disc units, 
printer, card punch, card reader, etc.) and to tlie Power Control Unit 
(PCU). At this time either the NORMAL or ABNORMAL indicator is lighted 
depending on conditions. Mo other lamps are lighted. The DC ON indicator/ 
switch is then pressed to apply DC power to the logic columns. The DC OFF 
indicator/switch lamp is turned off. Lighting of the DC ON lamp confirms 
DC pov/er, but voltages, pressures- and temperatures may not be within 
operating ranges. In this stage, the ASC cannot be turned off with the 
KEY: the operator must first press the DC OFF switch then turn the KEY 

off. 

The STANDBY indicator is an environmental status monitor. The 
standby state and subsequent system operation is inhibited unless all 
monitored subsystems are within tolerance. The following signals indicated 
by a level or a pulse are required: 

1) "go" from each of the four disc modules (discs up to speed), 

2) "go" from thin film environmental control 1 

3) "go" from thin film environmental control 2 

4) System Standby from the PCU - a signal provided by PCU 
indicating that all environmental conditions monitored 
by PCU are within operational limits. 

The Override Panel in the PCU cabinet provides a switch for 
each "overridable" function such as an inoperative disk module, to 
negate the Standby inhibit signal. The operator is notified of override 
operation by the display console, a bulletin board or some other type of 
status indicator. The Override Panel is accessible only to maintenance 
personnel . 
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The LOADj START and STO? lamps are controlled by signals from 
the ECL columns. When the system reaches the standby state, the LOAD and 
START lamps will light. When either the LOAD or START switch is pressed, 
both of their lamps are extinguished when the system goes to the operate 

state and the STOP lamp is lighted. When either the STOP switch is pressed 

1 

or the program is stopped through the display console, the system reverts 
to the standby state, the STOP lamp turns off, and the LOAD and START 
lamps are lighted. 

After the prescribed warm up period, the STANDBY indicator is 
lighted. (The ASC must first reach STANDBY before operation is possible.) 

A program is started by one of two means: the LOAD indicator/switch or 

the START indicator/switch. The program is initiated from the card 
reader or disc sources when the LOAD switci) and the CARD DISC switch 
are operated simultaneously. The CARD/DISC switch is a momentary on, 
three position, center off rotary switch. At the simultaneous activation 

I 

of these two switches, VPq is programmed to select the information from 
the designated source and then start the run. The START indicator/switch 
is used to resume operation of the ASC from the program currently in 
Central Memory instead of reloading another program from card or disc. 
Whenever a program is running, the OPERATING indicator is lighted and 
the STANDBY indicator is turned off. 
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STOPPING DESCRIPTION 



There are three levels of turn-off: soft shut down, "quasi" 

emergency off and emergency off. The first is an orderly turn off and 
is accomplished with the CRT display keyboard. When the operator types 
in a halt message the ASC goes through a routine of stop operations and 
is placed in the standby state. 

The STOP switch is used for turn-off in case of, for example, 
an imminent pov/er failure or when the display is inoperative. Pressing 
this switch causes the primary power failure type shut down procedure 
to be initiated. Status of the processors is saved in Central Memory, 
but data retrieval from tape or card is interrupted immediately in an 
unorderly fashion. To complete the turning off, the ASC, DC OFF must 
be pressed and then the KEY turned off. The DC OFF cannot be activated 
unless the system is in Standby. 

Emergency Off is the same as pulling the plug. No consideration 
is given to saving system status. The system can only be restarted after 
"Emergency Off" by maintenance personnel. 

There is a signal from the PCU called "Switches Normal" which 
indicates- 1) that the four "normal" switches on the Maintenance Panel 
are in the normal position, and 2) that the logic column power supply 
switches are in remote. If all these conditions are met, the PCU sends 
the Operator's Panel a signal lighting the NORMAL indicator. If the 
conditions are not met, the ABNORMAL indicator is lighted. The two 
conditions cited above will be in the PCU logic. In either the Normal 
or Abnormal state the computer can go to Standby. 
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ALARM SYSTEM 



The ALARM RESET switch is a command switch to the PCU to turn 
off the alarm horn. The alarm warning is sounded when a power phase is 
lost, or when a high voltage, low voltage or cabinet fault is detected^, 

A second audio system is provided by a loud speaker under the 
table which gives an aural indication under control of the operating system. 
The volume control regulates only the sound intensity and cannot turn the 
sound completely off. Provision will also be made for a headphone jack 

i 

under the front of the table for communication with operating personnel 
at other locations. 
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DEVICE CONTROL 



The peripheral devices of the ASC are controlled by a closely related 
combination of special purpose hardware and software. The programs which 
interface with the special purpose hardware are called device handlers. 
These handlers are executed in the PPU. The degree of device control pro- 
vided by a device handler rather than special purpose hardware varies from 
device to device. For devices with faster data rates, special purpose hard- 
ware is required. The peripheral device, control hardware, and hcuidler are 
treated as a package by the Programmiiig System. Specific commands are des- 
cribed by the Programming System through use of a list of parameters in 
Central Memory. The required handler is then called into use in order to 
control the peripheral device in such a way as to satisfy the input/output 
requi rer;:ent. 



DEVICE CHARACTERISTICS 
OPERATOR CRT DISPLAY CONSOLE 

1. Display 

Characters per line: 64 

Lines per page: 32 - 

Viewing Area: 7 1/2" X 9 1/2" 

Character Repertoire: 64 ASCII Alphanumerics 

Storage Method: Recirculating Delay Line 

2. Keyboard 

Alphanumerics: 64 Total 

Cursor Control : Space, Carriage Return, Tab, Vertical Tab, Home 

Edit Control: Replace, Insert, Delete, Clear 

Mode Control: Send, Receive, Compose 



CARD READER 

Rate: 1500 cards/minute 

Card Type: IBM 5081 or equivalent 

Input Hopper: 2500 cards 

Output Stackers 1 & 2: 2000 cards each 

Read Mode: photoelectric, serially by column 

Operating Controls: power, clear, hold 
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LINE PRINTER 



Rate: 1000 lines/niinute, line at a time 

Characters: EBCDIC repertoire, open face Gothic style 

Character Code: EBCDIC 

Character Spacing: 10 characters/inch, 6 lines/inch 

Paper Specifications: Standard, edge punched (1/2 inch hole centers) 

fanfold paper 4 1/2 to 19 inches vn’de will be 
used. 

Operating Controls: Paper tension, paper position, phasing controls, 

skip feed (top of fOY-rn) , line feed, clear, power. 



CARD PUNCH 

Rate: 100 cards/minute 

Card Type: IBM 5081 or equivalent 

Input Hopper: 1000 cards 

Output Stacker: 1000 cards 

Punch Mode: serially by column 

Verification: electro-mechanical, bit by bit comparison, mispunched 

cards offset 

Operating Control: pov^er, clear, hold 



IBM COMPATIBLE TRANSPORT (1600 bpi ) 

+ non 

Tape Size: width - .500 _'qq^ inches 

•thickness - 1.5 mil, mylar base 
Tape Handling: Single capstan, vacuum chamber buffering 

Tape Speed: 112.5 ips ± 1% 

Start/Stop Time: 3.5 ms max. 

Start/Stop Distance: .168 ± .028 inches 

Head Ass'y: read, write, erase, 9 track 

Density; 1600 bpi 
Rate: 45K words/sec. 



POSITIONING ARM DISC 

Capacity/Channel; 25 x 10 words 
Channels per disc: 2 g 

Total capacity: 50 x 10^ words 

Data Rate/channel ; 2.0 x 10^ words 

Rotational latency: 34 ms maximum 

Random Average Seek time: 55 ms 

Maximum Seek time: 100 ms 




HEAD/TRACK DISC 

Capacity/Channel: 50,528,356 words 

Total Capacity: 101,056,712 words 

Data Rate/Channel : 500K vrards/sec 

Rotational Latency: 34 ms maximum 

Words/Sector: 64 

Sectors/Revolution: 256 data sectors, 1 maintenance sector 



INPUT/OUTPUT COMMANDS 



OPERATOR CRT DISPLAY CONSOLE 

1. Define Page: Clear screen, output page fonnat, position cursor 

2. Write Block: Update variable fields, position cursor 

3. Read Block: Input operator response fields 

4. Erase Block: Clear operator response or variable fields 



CARD READER 

1. Read: input specified number of columns, interpreting data as 

a. Symbolic Format Normal, 

b. Symbolic Format Control, or 

c. Object Module Format depending on the data in the first 
column read. 



LINE PRINTER 

1. Write Fixed Length: Output the specified amount of data, printing 

132 characters per line. 

2. Write Variable Length: Output the specified amount of data, printing 

on each line the number of characters specified at the beginning of 
each line image. 



CARD PUNCH 

1. Write Fixed Length: Output the specified amount of data, punching 

80 columns per card. 

2. Write Variable Length: Output the specified amount of data, 

punching on each card the number of columns specified at the 
beginning of each card image. 
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IBM COMPATIBLE TRANSPORT (1600 bpi) 



1 , 

2 . 

3. 

4. 

5. 

6 . 

7. 



8 . 



9. 



10 . 



11 . 



12 . 



13. 



14. 



Rewind & Unload: Rewind to BOT and revert to manual control. 

Rewind: Rewind to BOX 

Backspace Files: Backspace the specified number of files. 

Backspace Records: Backspace the specified number of records. 

Skip For\'/ard Files: Skip fcrvrard the specified number of files. 

Skip Forv/ard Records: Skip fonvard the specified number of ^records. 

Read to File Mark; Read the remaining records in the current file, 
transferring alternate records to alternate ones of a pair of CM 
d.ata buffer regions. 

Read One Record, One Buffer: Read the next record, transferring 

all data into a single CM data buffer region. 

Read One Record, Two Buffers: Read the next record, filling 

alternate ones of a pair of CM data buffer regions. 

Write One Record, One Buffer: Write one record, transferring 

all data from a single CM data buffer region. 

Write One Record, Two Buffers: Write one record, emptying data 

from alternate ones- of a pair of CM data buffer regions. 

Write Many Records : Write many records, acquiring alternate 

records from alternate ones of a pair of CM data buffer regions. 
Write Tape Marks : Write the specified number of IBM compatible 

tape marks . 

Erase: Erase the specified amount of tape. 



HEAD/TR.ACK DISC 

1. Read: Read the specified amount of data beginning at the specified 

word location on the disc, transferring data into a single CM data 
buffer region which may be defined by actual or virtual addressing. 

2. Write: Write the specified amount of data beginning at the speci- 
fied sector location on the disc, transferring data from a single 
CM data buffer region which may be defined by actual or virtual ad- 
dressing. Partial sectors cannot be written, and when a nonintegral 
number of sectors is specified, the last portion of the sector is 
filled with zeros. 

3. Erase: Write the specified number of zeros beginning at the speci- 

fied sector location. An integral number of sectors is erased. . 

4. Read Check: Identical to "Read" except no data is transferred to 
CM, Parity is checked and results indicated to provide a quality 
check on previously recorded data. 
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INTRODUCTION 

Maintenance features in the ASC System are integrated with the opera- 
tional logic. The data and control cells within each major unit can be inter- 
rogated and controlled from an external source with only minor disturbance 
to the state of the unit. The la,rge number of cells involved prohibits the 
direct approach of providing input and output lines for each cell at the unit 
interface, so unit designs include a small maintenance controller which can 
select a subset of the unit’s cells for external presentation or can force the 
subset to a state prescribed externally. The additional hardw^are required 
to provide this addressability is held to a minimum by sharing some selec- 
tion trees between the operational logic and the maintenance logic. The 
result of this design approach is that a large portion of each unit can be 
exercised and checked from an external source providing only a small por- 
tion of the unit, the maintenance controller, is known to be operating proper- 
ly. This small portion of the unit is referred to as the maintenance hardcore. 
The size and nature of the maintenance hardcore varies from unit to unit. 

The external source used to stimulate the maintenance hardcore of the 
unit under test usually is one or more other units of the system. The first 
unit tested is the PPU, and this test is performed by use of specially de- 
signed external test equipment, and by self test features. When the PPU has 
been checked, it becomes the basic tool for stimulation of the maintenance 
hardcore of the other units. As each unit is tested, it becomes a tool to pro- 
vide additional flexibility to tests for subsequent units. 

The special external equipment required for testing the PPU consists of 
the PPU Maintenance Panel for manual test control, a card reader for semi- 
automatic test control and the Test Control Logic for interfacing the panel 
and the reader v/ith the PPU maintenance hardcore. A port is provided for 
driving the Test Control Logic from a stored program processor to expedite 
checkout and maintenance operations. The Test Control Logic communicates 
with the hardcore via the PPU Maintenance Registers in the C ommuni cation 
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Registers shov/n below. These CR's provide extensive self test capability 
because the PPU maintenance hardcore can be stimulated by programs exe- 
cuted in the VP's. 
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Maintenance Registers of the PPU Communication Registers 

After the PPU has been tested, it is used to stimulate the hardcore of 
the other units via the Common Maintenance Registers of the CR's. These 
registers include the Unit Registers (UR), the Common Command Register 
(CCR), and the Transfer Bit (TB). The CCR, presented to all units, con- 
tains commands addressed to a specific unit under test. The UR contains 
private unit registers required to augment the CCR commands. The TB 
controls the flow of information between the Common Maintenance Registers 
and the unit under test. 



LOGIC CLOCKS 



GENERAL 

The logic clocks in the ASC system provides the syncronization pulses 
required by the system hardware and special maintenance capabilities. The 
six logic clocks are provided by Logic Clocks Module (LCM) circuit boards 
with the clock period adjusted to the specific location. 

The maintenance feature of the LCM is the adjustability of the clock 
period to the three rates of normal, marginal (5% faster than normal), and 
slow (normal clock period + 100 nanoseconds) to facilitate checkout. In ad- 
dition to these three speeds, an external signal generator may be used to 
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control the clock rate. The clock output of the LCM may be a continuous 
train of pulses or a burst of from 1 to 16 pulses as selected by the operator, 

LOGIC CLOCK MODULE 

The LCM has a variable clock period. The block diagraip. illustrates 
the clock period selection. The printed circuit delays which are shovn. to be 
variable in 1/2 ncaiosecond steps are selected through the use of jumper wir- 
ing (in series) the desired set of delay lines. The three internally generated 
clock rates are called normal, marginal (5% faster than normal), and slow 
(normal clock period + 100 na,noseconds). 




PRINTED CIRCUIT DELAY LINES 

102236 



Logic Clock Module Block Diagram 

The CP and DCU control commands for a particular LCM come from the 
Common Command Register (CCR); of Ihe 16 bits in the CCR, only 15 are 
used by the LCM. When the CCR bits 0-3 match the four unit ID bits 
which are wired to each unit, and CCR bits 4-7 are 0, 0, 1, 0, respectively, 
and a Transfer Bit (TB) is received and recognized, the LCM will load and 

3 Logic Clocks 
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execute the request contained in CCR bits 8-15. It should be noted here that 
CCR bit 12 is the msb and CCR bit 15 is the Isb for the burst count code; also, 
a "stop'.' command would be a burst of arbitrary length. The control com- 
mands for the PPU is from the Start-Up and Audio byte of the CR file. 



NOT USED 



■jO 03 04 07 


08 


f'ORl 


10 11-12 15_ 


■ 


1 _ _ ! 




X 






[ „ Jk. , ^ 


Sr"' 





UNIT C0DE LCM C0DE 
(= 0010 ) 



BURST COUNT 
C0DE 

0M0-t>16; ALL OTHERS 



NORMAL BCD 



1 BURST- T fj 
0 CONTI NUOUSj 



(00, 11 -^NORMAL SPEED 

4 01 3- MARGINAL SPEED 

IjO s»SL0W SPEED 



Other inputs to the LCM are as follows: 

1) An initializing or system stand-by signal, present during power 
turn-on, to put the LCM in its initial state which is no output, ready to ac- 
cept its first command. 



2) The external signal generator output, i. e. , the external source. 

3) A signal from a switch, — ♦ EXTR, is used to select the external 
signal generator as the clock source. If this switch is moved to a new posi- 
tion while a command is being executed, the LCM will (a) complete a burst, 
or (b) stop immediately upon detection of the change if r\mning continuously, 
and wait until the next LCM command to start again. When operation is re- 
sumed, the source will be determined by the current switch position and CCR 
bits 10 and 11, with the switch being the dominant signal. 

The LCM clock signal distribution network provides for driving up to 1 1 
separate lines and a single reply signal, CACKCMD. The clock signal will 
be normally false and will be free of spikes and "crippled (partial)" pulses; 
when running, the clock signal has a 50% duty cycle. The reply line is set 

true for one clock period duration (then reset) at the beginning of a continuous 
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command or at the end of a burst, and is used to reset TB for all applica- 
tions except for the PPU 

CENTRAL PROCESSOR ^ TERCONTMEC TIONS 

The Centred. Processor (CP) contains four cards, a master and three 
’’slave’' boards. The MBU, AU, and IPU each contains one of the subserviant 
LCM’s. During maintenance and checkout procedures these three modules 
may be operated independently (on a imit level). During normal operettion 
these units are set to the external, continuously running inode acting only as 
clock fan-out and distribution networks for the master LCM. 

All four modules recognize the following CCR command format: 



00 


01 02 03 


M. 




.iTToa JL5 


.l! 


[i. 


LL 


lo' 


y 


1 ! 


lo 


C0MMAND 



DATA CHANNEL UNIT INTERCONNECTIONS 

The DCU clock will recognize the following format: 



CCR 



PERIPHERAL PROCESSOR INTERCONNECTIONS 

The PP’s LCM is controlled by the Maintenance Control Panel (MCP) 
and two CR bits, with the MCP signals being dominant. 

The ’’CLOCK RATE” switch on the MCP is used to select normal, mar- 
ginal, slow, or external clock speeds and clock source; it may also select 
a step mode (burst of one pulse). The absence of any of these signals in the 
true state is interpreted as being one of the ’’OFF” positions of the switch 
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The only program control available in the PP is effected through the use 
of the two GR bits wMch specify the selected period of the internally gener- 
ated clock signal. These two bits are located in the Start-Up and Audio byte. 
The code for these two bits is as follows: 

BITS: 4 5 

00 or 1 1 NORMAL 

0 1 MARGINAL 

I 

1 0 SJLO¥/ 

A restriction on this operation is that these two bits have clock rate control 
only when the MCP ’’CLOCK RATE” switch is in the normal position. 

The LCM in .the PP v/ill stop anytime the MCP ’’CLOCK RATE” sv/itch 
is turned, and must be restarted manually be depression of the ’’GENERATOR 
INIT” button on the MCP. 



PPU MAINTENANCE REGISTERS 



GENERAL 

The PPU Maintenance Registers provide the communication link between 
the PPU maintenance hardcore and the equipment controlling PPU tests. 

The test equipment loads these registers with commands and addresses, and 
observes results in these registers. The commands which appear in the PPU 
Maintenance Registers are decoded and executed by the Maintenance Logic 
which is the major part of the maintenance hardcore. 

Th-e Maintenance Registers are loaded with commands from the Main- 
tenance Panel (manual mode), the card reader (semi-automatic mode), a 
small stored program computer, or from an operative VP within the PPU 
(automatic mode). The source of the commands is dependent on the test 
mode which is controlled by a Maintenance Panel switch. The reaction of 
the Maintenance Logic to the commands is essentially identical for all com- 
mand sources. The relationship of the PPU test facilities are shown in 
Figure 1. • 
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Figure 1. PPU Maintenance Hardware 
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DESCRIPTIONS 

The Maintenance Registers are divided into seven fields as indicated 
below. The Control field contains the basic command to be executed by the 
Maintenance Logic, and the remaining fields contain, addresses and para~ 
meters referenced by the coinmands or data resulting from command execu- 
tion. 




Busy - Set by Maintenance Logic on the bit period immediately following re- 
ceipt of any non-zero command code in bits 28-31. Reset by Main- 
tenance Logic on the bit period immediately following completion of 
the connmand. Resetting does not occur if the command is illegal. 
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PC .Lock - Set or reset by the Maintenance Logic simultaneous with resetting 
of Busy bit. Indicates current status of program counter lock v/hich 
is affected by a. command code of 8 or 9 in bits 28“31. denotes 

locked, ”0” denotes norimil. 

Illegal “ Set by Maintenance Logic if an illcgad command is received. 

Command Code - Set by the Test Control Logic or by a VP to mitiate a main- 
tenance operation. Reacted to anid reset by the Maintenance Logic. 
Resetting occurs simultaneous with the resetting of the busy bit. 
Maintenance Logic reaction to commands varies slightly depending 
on whether the Maintenance Panel indicates manual, semi-automatic, 
or automatic test mode. Reactions to the 16 command codes are 
given in Table I. 

F FIELD 



17 23 



!T 

|B 




C 



The F field specifies the portion of a VPR or CR to be affected by- 
command codes 5 and 6. This field is not modified by the Maintenance Logic. 



F 


Register portion 


XXXX 000 


byte 0 


XXXX 001 


byte 1 


XXXX 010 


byte 2 


XXXX 0 1 1 


byte 3 


XXXX 100 


left half 


XXXX 101 


1 right half 


XXXX 110 




XXXX 111 


/ whole word 
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BURST FIELD 



0 7 

n 



D 



The Burst field specifies a number used in conjunction V\?ith command 
codes C and E. This field is never modified by the Maintenance Logic. 

V FIELD 



8 15 

— I ^ 1 r~i — 1 ! — ] 

0 1 2 3 4 5 6 7| 



D 



The V field specifies which VP's are under test as required for com- 
mand codes C, D, E, and F. In the manual test mode, only one of the bits 
will be "1". This field is never modified by the Maintenance Logic. 

REG FIELD 

31 

1 0 



.16 


17 19 


20 23 


24 25 


26 




VP 


" ■( 1 ■ ' ' t 

Group 


SWB 

Test 


1 t I 1 r 
Selection 



The VP, Group, and Selection portions of the REG field designate a 
register which is to be involved in the data transfer specified by command 
codes 2, 5, and 6. 
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VP 


Group 


Selection 


Register Designated 


n 


0000 




PC in VPn 


n 


XOOl 


- 


NIR in VPn 


n 


XOlO 


i 


IR m VPn 


n 


XOll 


- 


SWB A in VPj^ 


n 


XlOO 


- 


SWBD in VPn 


n 


XlOl 


i 


VPRi in VPj^ 


- 


XlIO 


i 


CRi 




Xlll 


i 


SWBC. ) 

X 1 


- 


1000 


i 


^ / illegal for automatic mode 

MIRi \ 



If Group and Selection designate SWBCg, SWBCg, SWBC^ in conjunction 
with command code 5, then the command has a special meaning. These codes 
are used for controlling the asynchronous portions of the SWB as follows: 

SWBCg SWB stops on even state 
SWBCg - SWB stops on odd state 
SWBCa - SWB normal 

The Maintenance Logic maintains these control conditions until a change is 
commanded. 

S' 

The VP portion of the REG field is used to specify a VP# in conjunction 
with command codes 3, 4, and 7. 



The SV/B Test portion of the REG field is used for placing the SWB under 
test, but only during the Semi-automatic mode. Whether or not the SWB has 
been placed under test affects the interpretation of command code C. The 
use of the SWB Test bits is independent of commands. The Maintenance 
Logic responds immediately to these bits as follows: 



oit 24 

0 

0 

1 

1 



bit 25 



reaction 



0 

1 

0 

1 



none 

SWB placed in normal condition 
SWB placed under test 
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SR FIELD 



0 ^ 3l 

Data or 

Memory Address 



E 



The SPv field provides data for command codes 1 and 5, and provides a 
memory address for command codes 3, 4, and 7. This field is never modi*- 
fied by the Maintenance Logic. 



DR FIELD 




The DR field provides data to the Maintenance Logic for command codes 
6 and 7. For conamand codes 1, 2, 3, and 4, the DR field is loaded by the 
Maintenance Logic. 

Table 1. Connmand Codes 
CODE DESCRIPTION 

0 This is the state of the command code at the completion of any 
command unless the command is illegal or cannot be completed. 
When such commands occur, the Command Code must be set 

to 0 by the tester in order to clear the Maintenance Logic. 

When the code is set to zero by the tester, the Maintenance . 
Logic resets the Busy, PC Lock, and Illegal bits, and is ready 
to accept new commands. 

1 (SR)--^DR 

2 ((REG))-^DR 

For automatic mode, illegal if REG specifies SWBC or MIR. 
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Table 1. Command Codes (Continued) 



CODE 

3 



4 



5 



6 



7 



8 

9 

A 



B 



DESCRIPTION 

((SR))cm-*DR 

The portion of the SWB designated by bits I7--19 of the REG 
field is iised for this comxmand. 

((SR))roM- DR 

An NIR and part of the MIR are required. The NIR designated 
by bits 17-19 of the REG field is used. 

(SR)-> (REG) 

If REG specifies VPR or CR, then the portion of the register 
affected IS controlled by the F field. For automatic mode, 
illegal if REG specifies SWBC or MIR. If REG specifies 
SWBCg, SWBCq,.or SWBC^, then command code 5 is inter- 
preted differently, and controls the asynchronous portions of 
the SWB. 

(DR) — (REG) 

If REG specifies VPR or CR, then the portion of the register 
affected is controlled by the F field. For automatic mode, 
illegal if REG specifies SWBC or MIR. 

(DR)- (SR)cm 

The portion of the SWB designated by bits 17-19 of the REG 
field is used for this command. 

Lock PC's of all VP's designated by V field. 

Unlock PC's of all VP's designated by V field. 

Reset (asynchronous reset line) all F/F's unique to al] VP's 
designated by V field. 

Set (asynchronous set line) all F/F's unique to all VP's de- 
signated by V field. 
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Table 1. C onrmand Codes (Continued) 

CODE DESCRIPTION 

C Automatic Mode - 

Advance all VP^s designated by V field. Advancement occurs 
under the influence of the time slot table. Amount of advance^ 
ment is determined by counting the number of time slots indi- 
cated by the Burst field. Counting begins at T. S. O. 

Semi-Automatic Mode - 

Reaction dependent on whether or not SWB has previously been 
placed under test as described under Register Field 

1) SWB not under test - 

Advance the PPU the number of time slots indicated by 
the Burst field. This is equivalent to normal operation 
within the PPU except that it occurs for a limited time. 

2) SWB rmder test - 

Advance the SWB the number of time slots indicated by 
the Burst field. 

Manual Mode - 

Reaction dependent on whether or not SWB has been placed 
under test by activation of the SWB LOCK switch on the Main- 
tenance Panel. For each case, reaction is identical to re- 
spective Semi-Automatic case. 

D Automatic Mode - 

Advance all VP‘s designated by V field. Advancement occurs 
under the influence of the time slot table. Advancement of 
each VP continues until that VP completes its current instruc- 
tion. Note that if more than one VP is designated by the V 
field, then termination of advancement of the designated VP*s 
does not necessarily occur at the same time. 
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Table i . Command Codes (Continued) 

CODE DESCRIPTION 

Semi-Automatic Mode - 

Start time slot counter. Proceed as for Automatic Mode. Stop 
tim.e slot counter at time slot 0. 

Manual Mode - 

Advance the VP (only one) designated by the V field. Advance- 
ment occurs independent of the time slot table. Continue until 
' the designated VP completes its current instruction. 

E Automatic Mode - 

illegal command 

Semi-automatic Mode - 
illegal command 

Manual Mode - 

Advance the VP (only one) designated by the V field. Advance- 
ment occurs independent of the time slot table. Amount of ad- 
vancement is determined by the Burst field. 

F Automatic Mode 

illegal command 

Semi-Automatic Mode - 
illegal command 

Manual Mode - 

Start advancement of the VP (only one) designated by the V field. 
Advancement occurs independent of the time slot table. Advance- 
ment continues after completion^* of the command by the Main- 
tenance Logic. Advancement stops when any new command code 
is received including a second ’T’’ command. If the second 
command is other than then in addition to discontinuing ad- 
vancem^t of tli»vii!i»i[ignate d VP, perform the new command. 
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MAINTENANCE MODES 
AUTOMATIC MODE 

In tile Automatic Mode a VP loads the Maintenance Registers through 
its normal addressing capability*’ A VP operating normally can place other 
VP^s under test, control the advancement of the VP's under test, and inter- 
rogate a-nd/or modify the results of the advancement. 

SEMI-AUTOMATIC MODE 

In the Semi- Automatic Mode, a card reader or small computer controls 
the advancement of the VP*s under test, and can interrogate and/or modify 
the results of the advancement. 

1) Card Rea,der Control 

The card reader interprets the cards column by column and passes 
card commands to the Test Control Logic. A card command is a se- 
quence of two or more of the hexadecimal digits 0 - F, terminated by a 
blank column or end of card. These digits are represented by the alpha- 
numeric characters 0-9 (Single 0 to 9 punch) and A - F (a 12 punch and 
a single 1 to 6 pimch). 

A card column containing an eleven punch (alone or with other 
punches) is ignored. This allows overpunching errors with a minus 
sign without having to punch another card. 

An illegar card command is treated the same as an end of card. An 
illegal command is defined to be: 

1. A single digit field. 

2. A field starting with a digit other than 0 to 6. 

3. A character other than 0 - F, blank, or containing an 11 punch. 

The card command size will be two, three, or five digits depending 
on the command code as shown in Table 2. If the card field has too 

iU> 
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Card 

Code 

OX 



IXXXX 

2XXXX 

3XXXX 

40X 

5XX 

6XX 



-Table 2. Card Reader Commands 



Mnemonics 



Test Control Logic Interpretation 



00 


NOP 


01 


XSD 


02 


XRD 


03 


XCD 


04 


XMD 


05 


XSR 


06 


XDR 


07 


XDC 


08 


LPC 


09 


UPC 


OA 


RST 


OB 


SET 


OC 


CLK 


OD 


CYC 


OE 


CMP 


OF 


HLT 




LDL 



Load X into the least significant hex of the 
Control field in the CR file/ This action 
issues a command to the Maintenance Logic. 
The Test Control Logic interprets the Busy 
bit (bit 0 of the CR located Control Field) 
to determine when to proceed. If X is "E” 
or "F". the Test Control J ,ogic also does 
the following; 

"OE" - If (SR) = (DR), continue test. If 
(SR) / (DR), stop test with Compare Error 
light on. Ignore remainder of card. 

"OF" - Stop Test. Ignore remainder of 
card. 



Load XXXX into the most significant half 
of the SR field in the CR file. 



LDR 



Load XXXX into the least significant half 
of the SR field in the CR file. 



LRG 

LRF 

LVT 

LCB 



Load XXXX into the REG field in the CR 
file. 

Load OX into the F field in the CR file. 
Load ,XX into the V field in the CR file. 
Load XX into the Burst field in the CR file. 
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many digits, the extra digits will be* ignored. I£ the card field has at 
least two digits but less than the required number, the action will lake 
place leaving the hex digits in the register that correspond to the missing 
* digits undisturbed. 

2) Programmed Processor Control 

A stored program processor may be connected to the Test Control 
Logic to expedite checkout and maintenance activities. Card commands 
are generated and the DR output is sampled by the processor to provide 
extended maintenance capabilities: 

1) Maintenance command sequence looping to facilitate signal 
timing analysis (scope loops). 

2) Printing contents of all or of selected registers as the PPU 
executes a series of instructions (microtrace) . 

3) Interactive hard copy display and modification of PPU register 
and CM location contents. 

When the processor is connected to the Test Control Logic the card 
reader input is selectively disabled under control of the processor. 

When the processor is not connected the card reader input is enabled. 

The processor is detachable test equipment and is not an integral part 
of the PPU. 

MANUAL MODE 

In the Manual Mode the Maintenance Registers are loaded from the Main- 
tenance Panel to control the advancement of the VP^s and interrogate and/or 
modify results of the advancement. Manipulation s of the Maintenance Panel 
are interpreted by the Test Control Logic, appropriately encoded, and loaded 
into the FPU Maintenance Registers. 

The Maintenance Panel (Figure 2) includes some controls for purposes 
other than loading the Maintenance Registers. All functions of the pan el are 
given in Table 3. 
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Table 3. PPU 



No. Control /Indicator 

1, MASTER CLEAR 

Push button/ Indicator 



2. PANEL TEST 

Push button /Indicator 

3. COMPARE ERROR 
Indicator 

4. TRANSFER CCR 

5. VP SELECT 



Switch 




Enabled and lit in Manual Test Mode. Sets the TB bit in the Com- 
mon Maintenance Registers to initiate a transfer of the CCR to a 
unit other than the PPU. 

If TEST MODE (30) = NOR: designates the selected VP for time 
slot zero. 

If TEST MODE (30) = MANUAL: designates the VP under test. 

If TEST MODE (30) = CARD STEP or CARD AUTO: inactive. 

The adjacent light extinguishes if the switch is in the NOR posi- 
tion. 
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Table 3. PPU Maintenance Panel Controls and Indicators (Continued) 



No. Control/Indicator 



Function 



6. VP 

Display 



7. TIME SLOT 

Display 



w 

o 

n 

O 

1:3 

O 



t) 

d 

p 

H* 






P 






o 

a> 



f!> 

m 

HI. 

cn 

rT 

0 

H 

m 



8. 



9. 



CLOCK BURST COUNT 
Switches 



Data Display 
Display 



Displays the current VP if; 1. the CLOCK RATE (28) = STEP or 
2. the TEST MODE (30) = MAN and the MANUAL SELECT 25 = 
PP CLK, PP REV, or PP BST. Current VP is the VP currently 
at the execution level (MIR) in the PPU. This is the VP which 
will react to the next clock p-olse and which corresponds to the 
time slot displayed at TIME SLOT (7). 

Displays a decimal readout of the current time slot if; 1. the 
CLOCK RATE (28) = STEP or 2. the TEST MODE (30) = MAN 
and the MANUAL SELECT (2 5) is in the PP CLK, PP REV, or 
PP BST. Time slot is the time slot which selected the displayed 
VP (6). Due to time slot lookahead, this is not the time slot con- 
trolling VP selection at the IR level or at the time slot table scan 
level. 

Provides input data to the Burst field when the MANUAL STEP 
(26) is depressed if the MANUAL SELECT (25) is in the PP BST 
or VP BST position. 

Provides a hexadecimal readout of the DR. The small lights ad- 
jacent to the hex character displays provide a binary readout of 
the DR. 
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PPU Maintenance Panel Controls and Indicators (Continued) 



No. Control/ Indicator 



Function 



10. Data Switch 
Switches 

11. AUTO INTERRUPT OFF 
Push button/indicator 

(2 color) 

12. LOCK PROGRAM COUNTER 
Push button/indicator 

(2 color) 



Provide input data to the SR. The value on the switches is insert- 
ed into the SR when any of the LOAD DISPLAY switches (13 thru 
19) are activated. 

The selected VP does hot receive the auto interrupt signal but its 
time slot is overriden the same as the other VPs. If the automatic 
interrupt logic is disabled (eibnormal), then the indicator is il- 
luminated and the light adjacent to the switch it illuminated. 

Enabled in the Manual Test Mode. If illuminated, the program 
counter of the VP under test is locked. If not illuminated, no 
program counters are locked. Switch causes the following if 
Busy is "0”; 1. VP (21)-* V field, and 2. Comimand Code "S” — 

control field if indicator is off, or Command code "9" control 
field if indicator is on. 



13. REGISTER FROM DISPLAY 
Push button/indicator 
(2 color) 



Enabled in Manual Test Mode unless LOCK LOAD/DISPLAY (20) 
is activated. Switch causes the following if the Busy bit is "0"; 
1. REGISTER (21, 24) REG field, 2. VPR/CR (23)-* F field, 
and 3. Command code ”6''—* Control field. 
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Table 3. PPU 




No. Control/Indicator 

14. CMo FROM DISPLAY 
Push button /Indicator 
{2 color) 

15. REGISTER FROM SWITCHES 
Switch/Indicator 

(2 color) 



16. DISPLAY REGISTER 

tv» 

^ Push button /Indicator 

(2 color) 

17. DISPLAY CMo- 
Push button /Indicator 
(2 color) 



18. 



DISPLAY SWITCHES 
Push button/ Indicator 
(2 color) 



tiance Panel Controls and Indicators (Continued) 



C/5 

n 

Function 

Enabled in Manual Test Mode if both REGISTER. VP (21) and VP 
indicated by (5) indicate a different VP. The sv.dtch causes the 
following if Busy is "O"; 1. BATA SWITCHES-h^ SR, 2. REGISTER 

-8*REG field, 3. Command Cods "T"-** Control field. 

Enabled in Manual Test Mode. The switch causes the follov/i.ng 
if the Busy bit is "0"; 1. REGISTER-^ REG field, 2. VPR/CR 

FIELD (23)-^ F field, 3. DATA SWITCHES (lO)-^SR, and 4. Com- 
mand Code "5"— > Control field. 

Enabled in Manual Test Mode. The switch causes the following 
if the Busy bit is ”0"; 1. REGISTER-^ REG field, 2. Command 
Code "2”— »• Control field. 

Enabled in Manual Test Mode if REGISTER VP (21) and VP SE- 
LECT (5) indicate a different VP. The switch causes the follow- 
ing if Busy bit is ”0"; 1. DATA SWITCHES (10)-<.SR, 2. REG- 
^ ISTER— frREG field, 3. Command Code Control field. 

Enabled in the Manual. Test Mode. The switch^causes the follow- 
ing if Busy bit is ”0"; 1. DATA SWITCHES (10)-^> SR, 2. Com- 

mand Code "1” — 



■> Control field. 
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Table 3. PPU Maintenance Panel Controls 3,nd Indicators (Continued) 

No. Control /Indicator Function 



19. DISPLAY ROMn 
Push button /Indicator 
(2 color) 

20. LOCK 

LOAD /DISPLAY 
Push button /Indicator 
(2 color) 

rs) 

> 1 ^ 



21. REGISTER VP 
Switch 



22 . 



REGISTER GROUP 



Enabled in the Manual Test Mode. The switch causes the follow- 
ing if the Busy bit is 1. DATA SWITCHES (10)-^ SR, 2. REG- 

ISTER-^ REG field, 3. Command Code ’’4” Control field. 

Used in the Manual Test Mode to lock any of the LOAD/DISPLAY 
switches (13 thru 19) so that the function normally initiated by the 
locked switch occurs continuously. LOCK switch will lock the 
function switch simultaneously depressed if the function switch is 
enabled, and both indicators will illuminate; the other functions 
will be disabled and be extinguished. The locking is removed by 
1. LOCK LOAD/DISPLAY switch, 2, che.nging any switch condi- 
tion normally required for initiation of the locked function. If, 
while a LOAD/DISPLAY function is locked, another function, not 
subject to locking, requires the use of the Control field, then the 
locking logic temporarily relinquishes use of the Control field. 
When the second function is complete (as indicated by the Busy 
bit) then the locked function continues. 

Provide input data to the REG field when one of the LOAD/ DIS- 
PLAY switches is activated. 



Switch 
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Table 3. PPU Maintenance Panel Controls and Indicators (Continued) 
No. Control/Indicator Function 



n 



23. REGISTER 

VPR/CR FIELD 
Switch 



Provides input data to the F field when one of the following LOAD 
DISPLAY switches is , enabled; 1. REGISTER FROM DISPLAY 
(13), or 2. REGISTER FROM SV/ITCHES (15). 



24. REGISTER , 
SELECTION 
Switch' 

25. MANUAL SELECT 
Switch 



Provides input data to the REG field when one of the LOAD /DIS- 
PLAY switches is activated. 



Provides input data to Maintenance Registers as described under 
MANUAL STEP (26). 



tv 



26. MANUAL STEP 

Push button /Indicator 



o ^ 
o ^ 



O 



a> 

p 

ts 

o 

a> 

CD 

CFQ 

m 



CD 

m 



Enabled and lit in Manual Test Mode, Switch causes the following 

if the Busy bit is ’*0’’: 

a. CLOCK BURST COUNT (8) Burst field if MANUAL SELECT 
(25) is in PP BST or VP CLK. 

b. BP SELECT (5)-^V field if MANUAL SELECT (25) is in VP 
CLK, VP CYC, VP CNT, VP P.ST, or VP SET. 

c. Command code ”C”-^ Control field if MANUAL SELECT (25) 
is in PP CLK, PP REV, or PP BST. 

d. Command code Control field if MANUAL SELECT (25) 

is in VP CYC. 

e. Command code Control field if MANUAL SELECT (25) 

is in VP CLKb 
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Table 3. PPU Maintenance Panel G'^/ftrols and Indicators (Continued) 

No. Control/Indicator Function 

f. Command code "F” Control field if MANUAL SELECT (25) 
is in VP CNT. 

g. Command code "A"-®' Control field if MANUAL SELECT (25) 
is in VP BST. 

h. Command code "B"— Control field if MANUAL SELECT (25) 
is in VP SET. 

i. Binary 16-^ Burst field if MANUAL SELECT (25) is in FP 
REV. 

j. Binary 1-^ Burst field if MANUAL SELECT (25) is in PP CLK. 



27. CARD STEP If TEST MODE (30) switch is in CARD STEP, the CARD STEP 

Push button/indicator button/indicator is illuminated and enabled. Depressing the but- 

ton initiates the sequence of tests punched on one card. If the 
card includes a command for a comparison, and if the comparison 
fails, then the remainder of the card is ignored by the Test Con- 
trol Logic and COMPARE ERROR (3) is illuminated. 



If the TEST MODE (30) switch is in CARD AUTO, the CARD STEP 
button /indicator is initially illuminated and enabled. Depressing 
the button initiates the sequence of tests punched on the card deck. 

Card tests continue with the CARD STEP button /indicator extin- 

% 

guished and disabled. The tests continue until a comparison 
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Table 3. PPU Maintenance Panel Controls and Ltidicators (Continued) 

No. Control/Indicator F\mction 

command fails. When this occurs, the remainder of the card is 
ignored by the Test Control Logic, no additional cards are read 
by the reader, the CARD STEP button /indicator is illuminated 
and enabled, and COMPARE ERROR is illuminated. 



28. CLOCK RATE 
Switch 



tv 

-s3 

29. GEN INITIATE 
Push button /Indicator 

30. TEST MODE 
Switch, 



Controls clock source to the PPU as follows: 

a. NOR - Normal frequency 

b. MAR - Marginal frequency (normal + 5%) 

c. EXT - Clock source provided by external generator 

d. STEP - Clock source under control of MANUAL STEP (26) 

e. SLOW - Normal period + 100 ns 

The light adjacent to the switch is lit if the switch is not in the 
NOR position. 

Enabled and lit under the following circumstances: 

a. CLOCK RATE switch in "NOR", "MAR", or "SLOW" position 
and clock source stopped. 

b, CLOCK RATE switch in "STEP" position. 

Activates the applicable maintenance equipmeht in Manual Test 
Mode (MAN), Semi-Automatic Test Mode (CARD STEP or CARD 
AUTO), or Normal Operating Mode or (Automatic Test Mode) 
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COMMON MAINTENANCE REGISTERS 



GENERAE 

Maintenance is performed on the CP, MCU, and DCU using a program oper- 
ating in the PPU which controls the designated unit via the Commion Maintenance 
Register (CMR) as shown below. 




Maintenance 

Lines 

Processor & 
Module Buses 



The CMR commands action to be taken, transfer of data directly to or from 
the unit addressed, or between Central Memory and the addressed xmit, using 
dedicated pointers contained in low order CM. The appropriate status registers, 
section control cells, decode circuitry, and hard core circuits are contained in 
each of the addressed units. These circuits are tailored to the needs of the unit 
in which they reside and interface in a standard way with the CMR. 



This concept allows for system expansion and flexibility without having to 
reserve large blocks of CRs in the PPU for maintenance use. CM transfers to 
and from the addressed unit uses the xuiit's normal bus and addressing mechanism 
to pick up the pointer and request the required transfer of data. 



The layout of the CMR in the CR byte is shown below. 



CCR 





CP 


MCU 


unassigned 
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Other CMR’s may be used for operational communications where speed of 
response^ interaction between the PPU and the other unit, or grouping of the 
CR for monitor response is dictated by the system requirements. 

The communications between the MCU and the other unit is the normal ad- 
dress channel. If the operand specified by the CCR is in CM then the unit gen- 
erates an address and requests the data from the MCU. Normally the data 
accessed is a specific word in the lowest portion of CM. This word in turn 
points to a data field where the actual data is located. The unit must provide 
for suppression of Map and Protect while the pointer and data are being accessed. 

‘The maintenance panel may load CCR and the appropriate UR using a half 
word or byte load of the appropriate CR from the switch or display register. 

The corresponding words can be observed by transferring the appropriate CR 
to the Display Register. The ’’transfer CCR” push button switch is provided on 
the panel to set TB. TB is located at the 0th position of the ’F’ byte in the 
Maintenan c e panel CR and may be set by the maintenance card reader by a LRF 
8Xib instruction where X is the value of F that is desired in the right hex of 
the byte. 

CCR is contained in the left half CR word that contains the F field and con- 
trol field bytes. Since a zero value of these fields results in no action to the 
PPU, a whole word may be loaded into this CR by instruction that contains the 
desired command in the left half word and a 1 in bit sixteen and zeroes in bits 
17-31. This causes the desired action to be set in CCR and TB triggered. 

Signals which are contained in CCR code and which are also need for hard- 
ware action such as context switching are routed to the unit directly where they 
are ”OR’ed” with the decoded value of the CCR for the same action. This pre- 
vents coding the signal or special decoding at the PPU interface. 
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DESCRIPTIONS 
UNIT REGISTER 

Tile eight one byte registers are used to transfer data from the addressed 
unit to a CR file a.nd to load data directly when required. The loading of UR in 
the PPU is via software. Command Codes and supplementary adj^^^sses in 
CCR cause the transfer to or from the unit addressed and proper routing within 
the unit. 



CCR 

Common Command Register is shared by all the other units for maintenance 
control and infrequent communications. The register is divided into three sec- 
tions. 

ID{0-3) This field designates the unit that is to interpret the command and 
perform the necessary actions. Unit ID assignments are: 

Bits 0-3 

1 - MCXJ 

2 - DCU 
4 - CPU 



OP{4-7) This is an operation code that is unique to the unit addressed by 
ID. The op codes are used to: 

a) Direct loading or unloading of registers, control, or com- 
munication cells in the addressed unit from or to Central 
Memory. A dedicated communication word in CM con- 
tains a pointer to the CM region to be used. 

b) Transfer a byte of data to or from the UR register in the 
CR file. This allows the unit addressed to be controlled 
or accessed by the maintenance panel, card reader, or 
small computer. 

c) Initiate a control action based on the contents of the CCR. 

d) Load c ommuni c at ion or control cells directly from the 

CCR. Common Maintenance Registers 
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ADDPv(8«15) The operand field 

a) addresses specific registers or cells of the unit 
corresponding to ID, 

b) contains immediate operand for the addressed unit. 

c) contains supplementary Operation command. 

d) a combination of a, b, c above. 

TB 

Transfer bit. When this bit is set to one, the unit addressed by the ID 
field takes the action indicated by the balance of the instruction in OCR. Two 
kinds of response result: 

a) When the action is completed, TB is reset to zero by the addressed 
unit. 

b) When the command is received, TB is reset to zero by the addressed 
unit. When the action is completed, bit 0 of the addressed unit’s con- 
dition byte is set. 

CENTRAL PROCESSOR MAINTENANCE 

Maintenance features of the ASC require appropriate actions to take place 
in the Hard Core control of each of the three units in the CP. Figure 3 illustrates 
the type of control envisioned for the IPU. The AU and MBU have similar hard- 
ware. 

The cells in each unit are divided into two types, the Hard Core cells and 
the functional cells. All cells receive clocks from the clock distribution logic 
centrally located in the Central Processor clock module. Section control bits 
in the Hard Core are controlled by CCR commands and are used to enable or 
disable the appropriate cells in each respective unit. Section controls are re- 
quired to enable the cells to be loaded for any reason - this includes normal 
operation, maintenance loading, setting, or resetting. A cell can be stored, 
however, even if the section control would not allow loading. Certain CCR com- 
mands require that the functional cells not be allowed to change regardless of 
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Figure 3. Central Processor Maintenance Logic 
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tke section control status* During this time, the Hard Core will be required to 
operate thus necessitating clocks from the Logic Clock Module. In this case 
the Hard Core has the capability of turning off any or all of the gates to the func- 
tional cells. The lines that control the gating, labeled A and B, are functions 
of the state of the Hard Core and possibly a function of the line labeled ’’Normal 

t- 

Gating Logic”. If the Normal Gating Logic is located in such a way that the 
Hard Core can include it in the determination of A and B the resulting hardware 
will be a minimum. 

The primary control of the CP is through the CCR and the CSIR registers. 
The run bit in the CSIR controls whether the functional portion of the CP is in 
an execution or a wait state. In the later mode the Logic Clock Module is sup- 
plying clocks to the ’’hard core” of the CPU. The hard core of the CP can 
execute any of the CCR commands (except LCM Command which is executed 
independently by the LCM) in the Wait state and can execute any of the status, 
intermediate, or details type commands in either the run or wait state. In 
these cases the run bit controls whether execution proceeds after the command 
is complete. 

The CP’s LCM will respond to a 42XX command and reset the TB bit when 
it has taken the required action. 

The command register in the CP’s hard core asynchronously accepts the 
CCR input without requiring clock pulses. The TB is reset indicating reception 
of the command. When the command is completed, the PSC bit in the CP Con- 
dition byte is set. This bit must be reset by software. (Note this signal is used 
by the CSIR to indicate switching completed by the CP. ) 

Commands to the LCM can; Stop the clock; 4280 ][£, 

Start continuous clocks: 4200 
Burst of n clock pulses: 428n 

The later command allows the CP or hard core to be stepped through their 
commands. If the CP is to execute a burst of n steps, the run bit must be on 
when the Burst command is given. 
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The CCR commands used by the CP are described below: 



CCR 

code 

(hex) 



40XX NOOP 

4100 Stores all section control using pointer at location 10. The CP 
halts and transfers the state of its section control to CM. The 
AU stores its section control into the location specified by the 
pointer in location 10. The MBU stores its section control one 
word past the location specified by the pointer. The IPU stores 
its section control two words past the location specified by the 
pointer. 

4101 Loads all section control using pointer at location 11. The CP 
acts in a manner similar to the Store section Control instruction 
except a new section control state is loaded. 

4102 Unlock PC . Unlocks the PC and allows the normal instruction 
sequence to continue. 

4103 Lock PC . The present address register is not allowed to be incre- 
mented or set to a new value. This causes the corresponding in- 
struction to flow down the pipe; once all old instructions have been 
completed a state will be reached where all levels of the pipe are 
executing the same instruction. 

4104 Reset . Resets all CP storage cells (to 0) in every CP section not 
inhibited by section control. This command may only be sent when 
the Run bit is off. 

4105 Set . Sets all CP storage cells (to 1) in every CP section not inhib- 
ited by section control. This command may only be sent when the 
Run bit is off. 
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4108 Stoi^'e Status ^sirig pointer at location 44. Tlie CP permits all in- 

structions which are currently in process to go to completion. No 
new instructions are fetched by the instruction fetch unit after re- 

, ir 4 ‘ 

ceiving this signal. After all instructions have been completed, the 
program status doubleword and all register files ’are stored accord- 
ing, to,thp. address given by .memory, location 14, 



'4109 



410A 



ll/o'ad Statud using pointer at location' <15. bThe’ CP is reset and then 
a netv program status doubleword and all registe'T- files are loaded 
according to’- the address given by memofy locatidn 15 and then pro- 
ceeds with exe cut idh, provided that the GP is in the "rixn" state as 
defined by bit R of the- Context S^it-bh' Interlock Register (CSIR). 



Exchange Status using pointers at locations 14 and 15, and load map 
and’proteet bounds ’tisin'g -pointer at'28;- 'The-CP first performs as 



fo’r''4T08^^at' fh*eh 'pet£bPifnVas^fd'r'^4109;-‘*SirhuRhneously, the mem- 
ory ma^*ii'¥oSfied'frbml:1he'-addiies%'-g4Wh>h^'-Iftferhory location 28. 



a..re.tlief pf^^es for,the^IPU and 

MBU buses. The CP executiQij,.dQeg.^pt pri^cped,.until the new map 

and protect bounds from location 28 have been loaded. This action 

■ ■ , _ £0ii- 

is independent of the status of the CSIR re'gi’ste'f' except as stated 
'as: ' ■ - - 

in 4109. 



4,1 0B.. 



|n|ej-xg||dia|;e.jUsip,g,p..oip'ter_^gLt Jocation 1 6... , Jf a vector instruc- 
tion is being processed within the arithmetic unit, the vectors are 
abnormally terminated and the intermediate results within the arith- 
metic unit are permitted to complete. Therr,~““startus information is 
YS/n hiisitixtioj ai-dT noiiose yd hsj.hlijirif 

stored for the entire CP such that, when reinstated, the program 

.Tio ar iid nsj}'i orii 

that was executing would be resumed at the point in the vector com- 



' ;^?atioii'^8.t-whlcfi.-^thV^CP^'tat#§2’v^S.i'febdrd^d j^^ffyided ti^M;^the 



■ onfe-’bfi'S?Kfe to be restarted 



from the beginning. 
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If a scalar instruction is being processed, any intermediate results 
within the arithmetic unit are permitted to complete. Then, status 
information is stored for the entire CP such that, when reinstated, 
the program that was executing would be resumed at the point where 
the CP status was recorded. 

410C Load Intermediate using pointer at location 17. The CP immed- 

iately loads the status information, as described xinder 410B, be- 
ginning with the address given by memory location 17 and then 
proceeds with execution, provided that the CP is in the "run" state 
as described by bit R of the Context Switch Interlock Register 
(CSIR). 

410D Exchange Intermediate using pointers at locations 16 and 17, and 

load map and protected bounds using pointer at location 28. The 
CP first performs as described under 410B*, it then performs ac- 
cording to 410C. 

410E Store details using pointer at location 18. The CP immediately 

stores its internal status (all flip-flops) beginning with the address 
given by location 18 and resumes execution if Run bit is 1, other- 
wise it halts. 



410F Load details using pointer at location 19. The CP immediately 

loads its total internal status (all flip-flops not inhibited by section 
control) beginning with the address given by location 19 and pro- 
ceeds with execution if the run bit is 1. 



' 42mn 



CP Logic Clock Module Command. This command is detected by 
logic in the L<pM not by the CP's hard core. The format is: 



* Continuous Normal Clock 0X00 

" Margin Clock 0X01 

" Slow Clock 0X10 

" Normal Clock 0X11 
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Note: n is ignored in above commands. 

Burst of n Normal clock pulses 1X00 
Burst of n Margin clock pulses 1X01 
Burst of n Slow clock pulses 1X10 

Burst of n Normal clock pulses 1X11 

44nn Store byte nn of hard core status into UR. The CP stores the 

specified syte into the CP's UR. The CP clock must be off during 
this command. 

DATA CHANNEL MAINTENANCE 

A CMR interface is provided to allow setting and testing of the internal 
functions of each DC and DCC pair. Using the CCR commands the DCC con- 
trol and buffer registers may be loaded or read one byte at a time, the com- 
mand in the control register executed, or the indicator bits from the DIU set. 

MEMORY CONTROL UNIT MAINTENANCE 

Control of the MCU maintenance (Section A) is through the CCR and the 
unit registers. Paths are also provided via the MCU to interface with the 
CM modules. The CCR commands used by the MCU are: 

CODE (Hex) 

10 XX NOOP 

11 bn Fetch byte n (0-F) of Processor Interface Subunit b(0-7) status 

into UR 

11 (b+8)n Fetch byte n(O-F) of Memory Interface Subunit b's (0-7) status 

into UR 

12 bn Store byte n(O-F) of Processor Interface Subunit b(0-7) status 

from UR 

IZ (b+8)n Store byte n(O-F) of Memory Interface Subunit b(0-7) status 

from UR 

Instruments 
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i 3 On 



13 In 



1488 

1489 
i5b8 

15 b9 

16 bO 

16 (b+8)0 

16 X2 

17 80 
17 m8 

17 m9 



Fetch byte n(O-F) of the MCU Control Interface Subunit into 
UR 

Store byte n(O-F) of the MCU Control Interface Subunit from 
UR 

Store all Map and Protect Registers into CM using pointer at 
location 38 

Load all Map and Protect Registers from CM using pointer at 
location 39 

Store Protect Registers for Processor Interface Subunit b(0-7) 
into CM using pointer at location 38 

Load Protect Registers for Processor Interface Subunit b(0-7) 
from CM using pointer at location 39 

Reset Processor Interface Subunit b{0-7) registers 

Reset Memory Interface subunit b(0-7) registers 

Reset all MCU registers 

Shutdown Central Memory 

Store Map segment m(0-3) from CM using pointer at location 

38 

Load Map segment m(0-3) from CM using pointer at location 

39 
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